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EXECUTIVESUMMARY 

The U.S. Department of Energy (DOE) is collaborating with the Electric Power 
Research Institute (EPRI), the U.S. Environmental Protection Agency (EPA), and the 
Utility Air Regulatory Group (UARG) to develop a more complete data base. for the 
emissions of hazardous air pollutants (HAPS or air toxics) from utility boilers. The 
DOE is also supporting the development and commercialisation of a wide variety of 
power plant-related technologies under its Innovative Clean Coal Technology (CCT II) 
program. One of the CCT II technologies is Babcock & Wilcox’s SOx-NOx-Rox 
(SNRB”“) process. SNRB- is a multiple pollutant emission control process which 
incorporates dry sorbent injection for SO2 capture, selective catalytic reduction for NOx 
reduction, and high-temperature fabric filtration for particulate matter control. 

The objectives of the SNRB”’ Air Toxics Monitoring Project were twofold: (1) to 
provide data on SNRB’” air toxics emissions control performance; and (2) to add to the 
DOEIEPRIIEPAIUARG data base of air toxic emissions from utility boilers. Funding 
for the project was provided by DOE, EPRI, Ohio Edison, and the Ohio Coal 
Development Office within the Ohio Department of Development. 

The project involved measurement of a variety of toxic chemicals in solid and gaseous 
samples from input, output, and process streams of the SNRB”’ process in a 5 MWe 
demonstration facility. The SNRB”’ demonstration facility is located at Ohio Edison’s 
R.E. Burger Plant near Shadyside, OH. Emissions from Boiler #8 at the Burger plant 
were also evaluated. Boiler #8 is a 160~MWe, pre-NSPS (new source performance 
standards), pulverized coal, wall-tired boiler. A Buell electrostatic precipitator (ESP) is 
installed for pollution control. 

Sampling was conducted at the Burger plant from April 26 to May 2, 1593. A blend of 
medium sulfur, bituminous Ohio coals from a single supplier was fired during the 
sampling period. Ohio Edison provided reproducible conditions for sampling by 
maintaining Boiler #8 at full load and steady operating conditions. Samples were 
collected from the following process streams: 

Coal Feed SNRLP Inlet 
Sorbent Feed Baghouse Inlet 
SNRB’- Solids SNRBN Outlet 
Bottom Ash Economizer Ash 
BSP Inlet ESP Ash 
ESP Outlet 

Samples were analyxed for tbe following air toxics: 

Trace Elements ChloridelFluoride 
Carbonyls Polynuclear Aromatic Hydrocarbons (PAI-I) 
Dioxins/Furans Volatile Organic Compounds 
Radionuclides 

. . . 
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Particulate loading was also measured. The resulting data were used to determine 
emission factors, removal efficiencies for the ESP and SNRB”“, and material balances 
for trace elements across the boiler, ESP, and SNRB”‘. 

A summary of key data for the ESP and SNRB”’ is provided in Tables 1 and 2, respec- 
tively. Included in these tables is the outlet concentrations, or emission factors, 
removal efficiencies, and material balance closures achieved for particulate matter, 
trace elements, chloride, and fluoride. As shown, the reported removal efficiency for 
the ESP was greater than 99 percent for all compounds except mercury, manganese, 
selenium, chloride, and fluoride. For the SNRB”“, greater than 99 percent removal 
efficiency was achieved for all compounds except mercury, cadmium, nickel, and 
antimony. The high material balance closures for the ESP are thought to be the result 
of a low bias in the measurement of particulate-phase metals for the boiler outlet (ESP 
inlet). This bias also affected material balance closures for the boiler which were 
generally less than 100 percent. The cause of this low bias is suspected to be less than 
ideal sampling conditions. 

Organic air toxics, including volatile organic compounds, PAH, dioxinslfurans, and 
carbonyls were analyzed in gaseous emission streams only. For volatile organic 
compounds, ESP and SNRB”’ emissions were generally in the range of 1 to 20 lb/lO’* 
BTU. Of the 26 volatile organic compounds for which results are reported, only 12 
were detected in ESP and Sm emissions. ESP and SNRB”’ emissions factors for 
PAH were generally in the range of 0.002 to 0.1 lb/lO’* BTU. Dioxinslfurans were 
detected in SNRB” and ESP emissions in the concentration range of approximately 
O.OCWO2 to 0.00001 lbllO’* BTU. The isomer 2,3,7,8-tetrachlorinated dibenxofuran 
was detected in most of the gaseous process streams. Carbonyl emissions were not 
detected in any of the gaseous process streams. A high particulate loading in gas 
samples collected with an EPA Method 23 train for PAH and dioxin/tinan analysis 
appeared to interfere with efficient sample extraction. Consequently, PAH and 
dioxinlfuran spike recoveries for samples with high particulate loading were lower than 
expected. Analysis of carbonyls in gas samples collected with a Method 0011 tram 
may have been affected by the use of incompatible solvents for sample collection and 
recovery. However, additional analyses conducted to evaluate the separate solvents did 
not conf’um this problem. No other significant deviations or adverse quality assurance/ 
quality control results were noted for either sampling or analysis activities. 
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TABLE 1. SUMMARY OF KEY DATA FOR ESP 

Substance 

Outlet Removal Material 
Concentration Efficiency Balance Closure@) 
(lb/lO’* BTU) (46) @6) 

Particulate Matter 

Mercury 8.77 -27 165 
Chromium 0.91 99.67 122 
Cadmium 6.6#(d) 100 108 
Nickel 7.9# 99.94 116 
Barium 5.4# 99.83 200 
Cobalt 7.9# 100 100 
Manganese 10.25 95.05 123 
Vanadium 3.4# 99.82 126 
Beryllium 6.6# 100 113 
Arsenic 2.93 98.98 316 
Lead 0.0% 99.95 136 
Antimony 0.08 99.09 153 
Selenium 30 74.43 98 

Chloride 32,334 -5.5 NC 
5,488 -28 NC 

0.045"' 99.29 NC(@ 

a. Data screened for outliers. 
b. Results in. lb/l@ BTU. 
c. NC = Not calculated. 
d. # indicates average emission factor calculated from one or more non-detect values. 
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TABLE 2. SUMMARY OF KEY DATA FOR SNRB’” 

Substance 

Outlet Removal 
Concentration Efficiency 
(lb/lo” BTU) (96) 

Material 
Balance Closure@) 
(%I 

Particulate Matter 

Mercury 12.5 -78 155 
Chromium 7.6#(d) 98.4 101 
Cadmium 3.0# 66.2 34 
Nickel 34# 75.1 84 
Barium 5.1# 99.98 19 
Cobalt 6.9# 97.5 106 
Manganese- 3.0# 99.77 104 
Vanadium 8.1# 100 121 
Beryllium 7.6# 100 73 
Arsenic 1.2 99.53 556 
Lead 0.51# 99.51 77 
Antimony 0.78 89.8 66 
Selenium O.lO# 100 138 

Chloride 
Fluoride 

470 
37# 

99.99 NC 
99.14 NC 

0.027@’ 99.57 NC”’ 

a. Data screened for outliers. 
b. Results in lb/lo6 BTU. 
c. NC = Not calculated. 
d. # indicates average emission factor calculated from one or more non-detect values. 
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I. INTRODUCTION 

. A. Ratmale for the Proiect 

The U.S. Department of Energy (DOE) is collaborating with the Electric 

Power Research Institute (EPRI), the U.S. Environmental Protection Agency (EPA), and the 
Utility Air Regulatory Group (UARG) to develop a more complete data base for the 

emissions of hazardous air pollutants (HAPS or air toxics) from utility boilers. The Clean 

Air Act Amendments of 1990 identified 189 such substances, and charged the EPA with 
determining the need for emissions control regulations for each substance. The air toxics 

data base will be used by the EPA, in conjunction with the results of studies of the impacts 
of these emissions on public health, to promulgate air toxics emissions control regulations, as 
required. Development work on the data base is being supported by DOE’s Pittsburgh 
Energy Technology Center, Office of Project Management, and by EPRI under its Power 
Plant Integrated Systems: Chemical Emissions Study (PISCES) project. 
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The DOE is also supporting the development and commercialisation of a wide 

variety of power plant-related technologies under its Clean Coal Technology (CCT II) 

Program. These projects are aimed at the environmentally-sound use of coal. As such, 

environmental monitoring is an important aspect of each project -- both to demonstrate 

compliance with project operating permits (compliance monitoring), and to evaluate the 

potential environmental performance and impacts of the subject technology (supplemental 

monitoring). In keeping with this philosophy the DOE has issued guidelines for extending 

the supplemental environmental monitoring being conducted under some of the clean coal 

projects to include the monitoring of air toxics. This is to be accomplished through the 

development and implementation of a site-specific air toxics monitoring plan for each 

applicable CCT II project. 

B. Obiectives of SNRBm Air Toxics Monitoriw 

Babcock Kc Wilcox (B&W) is currently conducting a project under the DOE’s 

CCT II Program to demonstrate its SO,-NO,-Rox Box” (SNRB”‘) process in a 5 MWe Field 

Demonstration Unit at Ohio Edison’s R. E. Burger Plant near Shadyside, Ohio. The 

objective of the SNRB- Au Toxics Monitoring Project was to provide data on SNRB” air 

toxics emissions control performance to B&W and to add to the DOE&PRI/EPA data base 

by quantifying the flow rates of selected hazardous substances (or air toxics) in all of the 

major input and output streams of the SW process as well as the power plant. Work 

under the project included the collection and analysis of representative samples of all major 

input and output streams of the SNRB” demonstration unit and the power plant, and the 

subsequent laboratory analysis of these samples to determine the partitioning of the hazardous 

substances between the various process streams. The substances of interest are a subset of 

the 189 substances identified in the 1990 Clean Air Act Amendments, and include trace 

metal, volatile and semivolatile organic, carbonyl, acid gas, and radionuclide species. 

Material balances for selected air toxics were subsequently calculated around the SNRB- and 

host boiler systems, including the removal efficiencies across each of the major air pollution 

control devices. A matrix of the process streams that were characterixed and the parameters 

determined in the SNRB”’ Air Toxics Monitoring Project is presented in Table I-l. 
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C. Organizations Involved 

The overall organization of the SNRB- Air Toxics Monitoring Project is 

illustrated in Figure I-l. The primary organizations involved in conducting this project were: 

. Babcock and Wilcox (B&W) 

. Ohio Edison 

. Battelle 

. Energy and Environmental Research Corporation (EER) 

. Frontier Geosciences. 

In summary, B&W had overall responsibility for the SNRB= demonstration 

project under DOE’s CCT II Program. B&W was responsible for operating and monitoring 

the SNRB”’ system. Ohio Edison provided the host site for B&W’s CCT II demonstration 

project and was responsible for site preparation activities. Battelle was responsible for the 

entire air toxics monitoring project including planning, testing, analyzing, and final 

reporting. EER was a major subcontractor to Battelle and had responsibility for collecting 

samples, reducing data, and reporting on sampling. Frontier Geosciences conducted an 

independent characterisation of mercury emissions under the direction of B&W. 

D. Descriotion of the Rewrt 

This report presents results of the SNRB” Air Toxics Monitoring Project. In 

addition to the Introduction, a brief description of the test site, including the Boiler No. 8 

and the SNRB” process, is included in Section II. The concentrations of air toxic emissions 

are presented in Section III according to compound class. Material balances are included in 

Section IV for three major systems: boiler, electrostatic precipitator @SP), and SNRB”. 

Emission factors and removal efficiencies are also presented according to compound class in 

Sections V and VI, respectively. A data evaluation is provided in Section VII. This 

evaluation describes deviations from planned procedures and operations for the boiler and 

SNRB’” process operation, field sampling, and laboratory analyses. The impact of these 

deviations on emission data is also discussed. Appendix A provides a separate report on 

speciated mercury measurements conducted by Frontier Geosciences. 
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Figure I-l. Organizations Involved in SNRFY Air Toxics Monitoring Project 
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II. SITE DESCRIPTION 

A. 

Boiler No. 8 at Ohio Edison’s R. E. Burger Plant located near Shadyside, 

Ohio is a MOMWe, pre-NSPS (new source performance standards), pulverixed coal, wall- 

tired boiler. The unit had been out-of-service for 3 months preceding the air toxics testing to 

repair the turbine shaft. The Buell ESP was installed in 1982. A blend of medium sulfur, 

bituminous Ohio coals from a single supplier was fired during the air toxics monitoring 

project. Expected operating conditions for Boiler No. 8 and the ESP are presented in Table 

II-l. Allowable ranges are also shown. When the values of operating parameters were 

within these allowable ranges, the testing was allowed to proceed. 

The SNRB’” process -- see Figure II-1 -- comprises the injection of both 

ammonia and dry sorbent upstream of a fabric filter (baghouse). A catalyst for the selective 

catalytic reduction (SCR) of nitrogen oxides (NOJ is mounted inside the filter bags, 

providing for the destruction of NO, as the flue gas/ammonia mixture passes over the 

catalyst. Sulfur oxides (S0.J are absorbed by the sorbent both in the flue gas duct, and on 

the filter bags in the baghouse. Because the SO, and NO, removal processes require 

operation at elevated gas temperature (450-9OO”F), special high-temperature fabric ftlter bags 

are used. 

The SW demonstration facility draws a 5 MWe (equivalent) flue gas slip 

stream from Boiler No. 8. The SNRB”’ baghouse consists of six individual modules each 

containing 42 bag/catalyst assemblies. It is designed to handle about 30,000 ft3/min (actual) 

of flue gas. Other major features include: 

. A Bailey Network 90 system for integrated process control 

. An automated ammonia injection system 
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TABLE II-l. BOILER NO. 8 EXPECTED OPERATING CONDITIONS 

Parameter 
=pec@d Allowable 

Value Ranee 

Load, Mw 150 - 156 
Oxygen monitor readings, percent 
Steam temperature at superheater outlet, 
Steam temperature at reheater outlet, F 
Steam pressure, psig 
Steam generation rate, lb/hr 
Stack opacity, percent 
Stack SOs (measured at SNRB’” inlet), 
mm 
Stack NO, (measured at SNRB’” inlet), 
upm 

3.0 - 5.0 
F 1,050 

l,O@J 
2,050 

1,100,000 
5 - 10 

2,100 - 2,500 

400-500 

135 - 158 
2.9 - 5.3 

l,ooo - 1,060 
950 - 1,010 

2,000 - 2,075 
0.95 - 1.2 x lc+ 

115 
Actual 

Actual 
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. Automated sorbent feed and ash disposal systems 

. Five sorbent injection locations (typically operating one at a time) 

. A propane-fired heater for accurate control of the 
sorbent injection temperature 

. Baghouse inlet and outlet flue gas heat exchangers 
to simulate the economixer and air heater sections 
of a host boiler, respectively. 

The expected and allowable operating conditions for the SNRB”’ process are 

listed in Table II-2. 

C. Sampiim Location$ 

Emissions were characterixed from the following process streams associated 

with Boiler No. 8 and the SNRB”’ process: 

Sampling Type of 
Location Number PrLxess stream i7i&atL 

Location 1 
Location 2 
Location 3 
Location 4* 
Location 5 
Location 6 
Location 7 
Location 8 
Location 9 
Location 10 
Location 11 
Location 12 

Coal Feed 
SNRB% Inlet 
Sorbent Feed 
Ammonia Feed 
Baghouse Inlet 
SNRB”’ Solids 
SNRB” Outlet 
Bottom Ash 
Economixer Ash 
ESP Inlet 
ESP Ash 
FSP Outlet 

Solid 
Gi3S 
Solid 
GELS 
Gas 
Solid 
GiiS 
Solid 
Solid 
Gas 
Solid 
GLU 

* Samples not collected from this location for laboratory analysis. 
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TABLE 11-2. SNRB”” EXPECTED OPERATING CONDITIONS 

Parameter Expected Value 

Modules on line 
Inlet SO, concentration, ppm 
Inlet NO, concentration, ppm 
Sorbent feed rate, lb/hr 
Ammonia injection rate, lblhr 
Ammonia atom.-air injection rate, lblhr 
Baghouse pressure drop, in. water 
Outlet SO2 concentration, ppm 
Outlet NO, concentration, ppm 
Outlet duct opacity, percent 

5 
1,950 - 2,550 

350 - 500 
450 - 500 
7.0 - 8.0 
200 - 225 

10 - 14 
350 - 1,400 

30 - 250 
Cl0 
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A schematic diagram illustrating the location of these process streams is provided in 

Figure 11-2. The gas flow rates measured at the flue gas sampling locations during the study 

are provided in Table 11-3. 
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TABLE D-3. FLUE GAS FLOW RATES’@ 

Flow Rate (dscf/min) 
SNRB- Inlet Baghouse Inlet SNRB”’ Outlet FSP Inlet ESP Outlet 

Date (Location 2) (Location 5) (Location 7) (Location 10) (Location 12) 
4126193 7,351” 8,342” 9,809”’ 345,186@ 377,102”’ 
4127193 7,545”’ 8 200”’ 9,5 15”’ 341,246”’ 374,433”’ 
4129193 7,852”’ 8: 870”’ 9,815”’ 346,208”’ 373,892”’ 
4130193 8,004”’ 9,869”’ 10,069” 341,152”’ 375,306”’ 
511193 7,045”’ 8,753’b’ 12,278”’ 331,583@ 373,826”’ 
512193 7,414” 8 770*’ , 9,649” 355,6300 376,495”’ 

(a) From Method 26A train. 
(b) From Method 5 train. 
(c) From Method 29 Multi-Metals train. 
(d) Flow rate, velocity, and moisture summaries for all trains are presented in 

Appendix F. 
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III. RESULTS 

Results from the air toxics charactetixation are presented in this section 

separately for each compound class in the following order: 

Particulate Loading 
Particulate Size Distribution 
Ultimate/Proximate, Loss on Ignition, and Unburned Carbon 
Trace Elements 
Chloride/Fluoride 
Polynuclear Aromatic Hydrocarbons 
DioxinslFurans 
Carbonyls 
Volatile Organic Compounds 
Radionuclides 

Where appropriate, results for gaseous emissions are presented separately from results for the 

solid process streams within the compound classes. For ease in data presentation in most 

cases, samples are identified by a four-digit abbreviation signifying the associated run 

number and ‘sampling location (i.e., R2-L7 which signifies the sample collected in Run 2 at 

Location 7). A brief comment on any trends in the data and any unusual results is also 

provided along with a discussion of how the data were treated. 

A. Samoh? Schedule 

A summary of the sampling schedule completed for the SW Air Toxics 

Monitoring project is presented in Figure III-l. The sampling plan called for collecting three 

sets of data with each data set to be collected over a 2-day period. Each 2-day period was 

planned to be comprised of a day of inorganic sampling and a day of organic sampling. 

Collected gas sample volumes are listed in Table III-l. The standard temperature condition 

for determining dry standard cubic foot (dscf) and dry standard cubic meter (dscm) was 0°C 

(68°F). 
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B. Particulate Loading 

Particulate loading of flue gas emissions, determined from particulate catch 

associated with the Method 26A samples (except for Location 5), are presented in Table III- 

2. An individual Method 5 train was run separate from the Method 26A train at Location 5 

to determine particulate loading. The particulate loading data were treated as follows: 

. Results were not corrected for the train blanks that were generated at 
Locations 7 and 12. 

. Results were corrected for reagent blanks (probe rinse) in accordance 
with Method 5 procedures. 

. As flagged, a negative weight was obtained for filters associated with 
three of the samples. These filters appeared to have a ragged edge 
upon receipt and some tearing may have occurred in the field. The 
particulate weight associated with these three filters was set at 0 mg in 
calculating the total particulate loading for the sample. 

As expected, particulate loading at the inlet locations (Location 2 - SNRB” Inlet, Location 

5 - Baghouse Inlet, and Location 10 - RSP Inlet) is higher than particulate loading at the 

outlet locations (Location 7 - SNRB”’ Outlet and Location 12 - ESP Outlet). Results for 

triplicate runs at individual locations are consistent within a factor of two. 

Sampling to determine particulate size distribution was conducted at Location 5 

(Baghouse Inlet) and Location 10 (PSP Inlet) with a Mark V five-stage series cyclone, and at 

Location 7 (SNRBm Outlet) and Location 12 (ESP Outlet) with Anderson cascade impactors. 

Triplicate runs were conducted at each location. Results from the particulate size distribution 

are presented in Figure III-2 for Location 5; Figure III-3 for Location 7; Figure III-4 for 

Location 10; and Figure III-5 for Location 12. Results are also presented in Tables III-3 to 

III-14. 
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TABLE M-2. PARTICULATE LOADING” 

Location 2 - 
SNRB Inlet 

Location 5 - 

SNRB Outlet 

Location 10 - 

Location 12 - 

*Negative weight obtained for filter possibly due to tearing 
of filter in field; filter weight assumed to be 0 in adding 
acetone rinse and filter particulate catch. 
-Results are reported using three significant figures only. 
@Pro Filename: PRESENT2.WBl) 
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TABLE 111-3. PARTICLE SIZE DISTRIBUTION SUMMARY FOR Rl-L5 

Cyclone No. 

1 
II 
Ill 
IV 
V 

Filter 

TOTAL 

Net Cumulative 
d50ra) Weight Percent cd50 

lml (8) Total (%I 

13.5 3.6886 71.8 28.2 
7.5 0.6836 13.3 14.9 
6.3 0.2773 5.4 9.5 
2.6 0.1934 3.8 5.7 
1.2 0.0949 1.8 3.9 

0 0.1992 3.9 0 

5.1370 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE 111-4. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L5 

Cyclone No. 
d50ta) 

b-4 

Net Cumulative 
Weight Percent cd50 

Ie) Total (%I 

1 12.8 6.8015 73.1 26.9 
II 7.0 1.2777 13.7 13.1 
Ill 5.8 0.4007 4.3 8.6 
IV 2.3 0.2705 2.9 5.9 
V 1.1 0.2109 2.3 3.7 

Filter 0 0.3405 3.7 0 

TOTAL 9.3018 

(al d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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TABLE 111-5. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L5 

Cvclone No. 
d50raJ 

lpm) 

Net Cumulative 
Weight Percent Cd50 

(a) Total I%) 

1 13.6 6.7702 77.6 22.4 
II 7.6 1.0679 12.2 10.2 
Ill 6.3 0.3233 3.7 6.5 
IV 2.0 0.2305 2.6 3.9 
V 1.2 0.1878 2.2 1.7 

Filter 0 0.1499 1.7 0 

TOTAL 9.3018 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE 111-6. PARTICLE SIZE DISTRIBUTION SUMMARY FOR Rl-L7 

Stage No. 
d50fal 

(urn) 

Net 
Weight 

he) 

Cumulative 
Percent <d50 

Total (%) 

0 14 51.95 27.3 72.7 
1 8.80 16.1300 8.5 64.2 
2 6.00 1.4100 0.7 63.5 
3 4.20 0.0000 0.0 63.5 
4 2.55 20.2250 10.6 52.9 
5 1.30 1.6800 0.9 52.0 
6 0.80 2.6450 1.4 50.6 
7 0.54 6.4100 3.4 47.2 

Backup Filter 0 89.9250 41.2 0 

TOTAL 190.38 

la) d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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TABLE 111-7. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L7 

Stage No. 
d50Ia) 

km) 

Net Cumulative 
Weight Percent <d50 

tmg) Total 1%) 

0 14.7 0.69 5.0 95.0 
1 9.00 0.9800 7.1 87.9 
2 6.30 1.6400 5.0 76.0 
3 4.10 2.4100 17.4 58.6 
4 2.70 1.1200 8.1 50.5 
5 1.40 0.0000 0.0 50.5 
6 0.65 0.9700 7.0 43.5 
7 0.58 2.4100 17.4 26.0 

Backup Filter 0 3.6000 26.0 0 

TOTAL 13.82 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE 111-8. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L7 

Stage No. 
d50(a) 

b-d 

Net 
Weight 

Imgl 

Cumulative 
Percent <d50 

Total I%1 

0 16.5 3.39 10.5 89.5 
1 10.00 2.8100 8.7 80.7 
2 6.80 6.2200 10.5 61.4 
3 4.30 3.4400 10.7 50.7 
4 2.95 3.1300 9.7 41 .o 
5 1.47 2.5800 8.0 33.0 
6 0.91 2.8200 8.8 24.3 
7 0.63 2.3500 7.3 17.0 

Backup Filter 0 5.4600 17.0 0 

TOTAL 32.2 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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TABLE 111-9. PARTICLE SIZE DISTRIBUTION SUMMARY FOR Rl-LlO 

Cyclone No. 

1 
II 
Ill 
IV 
V 

Filter 

TOTAL 

Net Cumulative 
d50(al Weight Percent cd50 

itim) (a) Total 1%) 

7.6 0.5260 71.3 28.7 
3.5 0.0624 8.5 20.2 
2.5 0.0137 1.9 18.3 
1.1 0.0056 0.8 17.6 
0.6 0.0076 1.0 16.6 

0 0.1221 16.6 0 

0.737 

(al d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE III-1 0. PARTICLE SIZE DISTRIBUTION SUMMARY FOR RZ-LlO 

Cyclone No. 

1 
II 
Ill 
IV 
V 

Filter 

TOTAL 

Net Cumulative 
d50bl Weight Percent < d50 

bm) (0) Total 1%) 

7.4 0.6357 74.3 25.7 
3.4 0.0709 8.3 17.4 
2.5 0.0199 2.3 15.1 
1.1 0.0021 0.2 14.9 

0.;6 0.0044 0.5 14.3 
0 0.1228 14.3 0 

0.856 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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TABLE Ill-1 1. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-LlO 

Cyclone No. 
d50tal 

bml 

Net Cumulative 
Weight Percent <d50 

let Total (%I 

1 7.2 0.2429 48.7 51.3 
II 3.3 0.0771 15.4 3.3 
Ill 2.4 0.0249 5.0 2.4 
IV 1 .o 0.0036 0.7 1 .o 
V 0.6 0.0173 3.5 0.6 

Filter 0 0.1333 26.7 0 

TOTAL 0.499 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE Ill-1 2. PARTICLE SIZE DISTRIBUTION SUMMARY FOR Rl -L12 

Stage No. 
d50tal 

bmt 

Net 
Weight 

(mg) 

Cumulative 
Percent <d50 

Total (%I 

0 10 0.00 0.0 100.0 
1 6.30 0.00 0.0 100.0 

2 4.30 0.00 0.0 100.0 

3 3.00 0.57 5.0 95.0 
4 1.85 2.12 18.5 76.6 
5 0.92 0.67 5.8 70.8 

6 0.60 3.37 29.3 41.4 

7 0.39 3.70 32.2 9.2 
Backup Filter 0 1.06 9.2 0 

TOTAL 11.49 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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TABLE Ill-1 3. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L12 

Stage No. 
d50Ia) 

brn) 

Net Cumulative 
Weight Percent <d50 

lmg) Total (%i 

0 12 2.44 29.6 70.4 
1 7.20 1.2200 14.8 5516 
2 4.80 0.7200 29.6 46.8 
3 3.30 1 .OlOO 12.3 34.6 
4 2.10 0.9800 11.9 22.7 
5 1.03 0.6000 7.3 15.4 
6 0.67 0.4000 4.9 10.6 
7 0.45 0.1700 2.1 8.5 

Backup Filter 0 0.7000 8.5 0 

TOTAL 8.24 

- 

(a) d50 is the 50 percent particle cut diameter for 
each impactor stage. 

TABLE 111-14. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L12 

Stage No. 
d50(a) 

bmt 

Net 
Weight 

(mel 

Cumulative 
Percent <d50 

Total (%) 

0 13 1.35 13.4 86.6 
1 7.60 1.2700 12.6 74.0 
2 5.10 2.3400 13.4 50.7 
3 3.55 1.4500 14.4 36.3 
4 2.30 1.6900 16.8 19.5 
5 1.10 0.8700 8.6 10.8 
6 0.70 0.0500 0.5 10.3 
7 0.48 0.0900 0.9 9.4 

Backup Filter 0 0.9500 9.4 0 

TOTAL 10.06 

ia) d50 is the 50 percent particle cut diameter for 
each impactor stage. 
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D. Ultimate/Proximate. Loss on Ignition. and Unburned Carbon 

Ultimate/proximate analysis results for the composite coal samples collected on 

the days associated with Runs 1, 2, and 3 of the Method 29 (multi-metal) train sampling are 

provided in Table X11-15. Loss on ignition and unburned (combustible) carbon results for the 

composite solid process stream samples collected on the days associated with Runs 1, 2, and 

3 of the Method 29 train are presented in Table 111-16. The loss on ignition represents the 

ash (percent) subtracted from 100 percent; the combustible carbon represents carbonate 

carbon subtracted from total carbon. 

E. Trace Ekmen& 

Method 29 and Solid Samales 

Results of the analysis of trace elements in Method 29 and solid process 

samples are presented, respectively, in Tables III-17 and III-18 for ICP-AES (inductively 

coupled plasma atomic emission spectrometty) analysis of chromium (Cr), cadmium (Cd), 

nickel (Ni), barium @a), cobalt (Co), manganese (Mn), vanadium (V), and beryllium (Be), 

Tables III-19 and III-20 for GF-AAS (graphite furnace atomic absorption spectrometry) 

analysis of arsenic (As), lead (Pb), antimony, (Sb) and selenium (Se), and Tables III-21 and 

III-22 for CV-AAS (cold vapor atomic absorption spectrometry) analysis of mercury (Hg). 

For all analyses, data were treated as follows: 

. Sample results were not corrected for Location 7 or Location 12 
Method 29 train blanks. Train blank emission levels were calculated 
by using the average gas sample volume from the three runs at the 
associated location. 

. Sample results were not corrected for Method 29 field reagent blanks. 
As noted in Section VII, the KMNO., (150840), 8N HCl (150841), and 
5 percent HNO,/lO percent H&J (150842) field reagent blanks were 
combined and prepared for mercury analysis. The 5 percent HNOsIlO 
percent HsOs reagent blank should have been prepared separately for 
element analysis by ICP-AES and GF-AAS. The filter reagent blank 
(150838) was combined with the laboratory digestion blank during 
preparation for ICP-AES and GF-AAS element analysis rather than 
being processed separately. 
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TABLE III-1 5. ULTIMATE/PROXIMATE RESULTS FOR COAL SAMPLES 

Parameter 

Moisture f%) 
Ash (%I 
Volatile f%) 
Fixed Carbon (%I 
Higher Heat Value fBtu/l 
Sulfur (%I 
Carbon f%) 
Hydrogen f%) 
Nitrogen (%I 
Oxygen fdiff) I%) 

( 

1 

Coal Feed - Location 
Run 1 1 Run 2 1 Run 3 

APR2793) fAPR2993) fAPR30931 

1.92 2.09 2.13 
11.9 11.7 12.28 

39.37 38.94 38.71 
48.73 49.36 49.01 
12888 12916 12849 

3.64 3.34 3.41 
71.36 71.58 71.31 

4.88 4.8 4.81 
1.32 1.35 1.31 

6.9 7.23 6.88 

(a) All results other than moisture on a dry basis. 
Ibl RSD = relative standard deviation. 
(QPro Filename: ULTIMATE.WBl I 
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TABLE 111-16. LOSS ON IGNITION AND UNBURNED CARBON RESULTS’ 

‘All results on a dry basis. 
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TABLE 111-20. RESULTS OF GF-AAS ANALYSIS OF SOLID SAMPLES &g/g) 

Sampling 
Location 

Location 1 - 
Coal Feed 

Location 3 - 
Sorbent Feed 

Location 6 - 
SNRB Solids 

Location 8 - 
Bottom Ash 

Economiser Asl 

Location 11 - 
ESP Ash c 

Run Sample I.D. As Pb Sb Se 

1 
2 
3 

Average 

APR2793COAL’ 
APR2993COAL’ 
APR3093COAL. 

3.0 
3.0 
2.0 

1 
2 
3 

Average 

APR2793LIME 
APR2993LIME 
APR3093LIME 

4.0 5.0 
6.0 5.0 
5.0 6.0 
5.0 5.3 

-l---l 
1.14 ND< 0.3 
1.54 ND< 0.3 
1.74 ND< 0.3 
1.47 ND< 0.3 

2.7 

ND< 0.5 
ND< 0.5 1 ND< 0.5 
ND< 0.5 

1 
2 
3 

Average 

APR2793SNRB 
APR2993SNRB 

APR3093SNRB” 

60.4 3.6 0.48 5.18 
80.60 4.28 0.69 5.83 
84.70 3.94 0.56 6.44 
75.23 3.94 0.58 5.82 

1 
2 
3 

Average 

APR2793BOl-T 
APR2993BOl-T 
APR3093BOT-T 

4.69 6.65 0.31 ND< 0.5 
6.14 5.69 ND< 0.3 ND< 0.5 
3.28 6.16 ND< 0.3 ND< 0.5 
4.70 6.17 ND< 0.3 ND< 0.5 

: 
3 

Average 

APR2793ECON 
4PR2993ECON” 
APR3093ECON 

I I I 
130 6.15 0.78 ND< 0.5 

16.05 5.21 ND< 0.3 ND< 0.5 
53.6 4.34 ND< 0.3 ND< 0.5 

66.55 5.23 0.36 ND< 0.5 

1 

: 
Average 

APR2793ESPA 
APR2993ESPA 
APR3093ESPA 

159 31.6 1.26 9.41 
203 33.2 1.43 10.5 
219 34.2 1.48 12.3 
194 33 1.39 10.7 

l AnalYses conducted by Commercial Testing and Engineering. 
**Results are average of duplicate samples. 

(QPro Filename: GFSOL.WBl) 
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TABLE 111-21. RESULTS FROM CV-AAS ANALYSIS OF MERCURY IN 

Location 5 - 
BSQhOuSe lnkt 

METHOD 29 SAMPLI 3 g.iQ/dscml*” 

I 

R2-L2 5.47 2.91 a.37 
R3-L2 9.29 5.32 14.61 

Average 6.44 3.44 9.08 

Rl-L5 4.93 2.75 7.68 
R2-L5 9.64 0.21 9.85 
R3-L5 10.4c 1.16 11.57 

Averape 0.32 1.36 9.70 

EL-L7. ND< 0.005 0.05 0.05 
Rl -L7 l * 11.44 11.44 
R2-L7 0.023 11.57 11.59 
R3-L7 ND< 0.005 15.51 15.51 

dverage## 0.013 12.84 13.55 

Rl-LlO ND< 0.11 12.61 12.61 
R2-LlO 3.59 8.46 12.05 
R3-Ll O 0.77 9.79 10.56 
Average 1.47 10.29 11.74 

EL-L1 2’ ND< 0.005 0.85 0.85 
Rl-L12 ND< 0.005 9.45 9.45 
R2-L12 0.008 10.13 10.13 
R3-L12 ND< 0.005 11.66 11.66 

Average ND< 0.005 10.41 10.42 

:### 0.035 0.31 

Vapor # 1 Total 
2.09 I 6.64 

*Sample results not corrected for Location 7 or 12 Method 23 train blanks. 
**Front half composite from Rl -L7 lost in sample preparation. 
***Sample results are corrected for field reagent blanks. 
#Vapor phase includes combination of results from 

HN03R1202 and KMN04 impinQers. 
##Solid and total averages include only R2-L7 and R3-L7. 
###Combination of filter, acetone, and O.lN HN03 field reagent blanks for 

solid; combination of 6N HCI, KMN04, and HN03R1202 field reagent 
blanks for vapor. Blank results are in ug. 

(OPro Filename: MERCTOT.WEl I 
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TABLE 111-22. RESULTS FOR CV-AAS ANALYSIS OF MERCURY 
IN SOLID SAMPLES 

Location 

Location 1 - 
Coal Feed 

Location 3 - 
Sorbent Feed 

Location 6 - 
SNRB Solids 

Location 0 - 
Bottom Ash 

Location 9 - 
Economizer Ash 

Location 11 - 
ESP Ash 

1 
2 
3 

AVeraQe 

1 
2 
3 

Average 

3 
Average 

1 
2 
3 

Average 

1 
2 
3 

Average 

1 
2 
3 

AVeraQe 

1 APR2793COAL* 
APR2993COAL’ 
APR3093COAL. 

APR2793LlME 
APR2993LIME 
APR3093LIME 

APR2793SNRB 
APR2993SNRB 
APR3093SNRB 

APR2793BOl-T 
APR2993601-T 
APR3093BOTT 

APR2793ECON 
APR2993ECON 
APR3093ECON 

APR2793ESPA 
APR2993ESPA 
APR3093ESPA 

Concentration 
IPQ/Q) 

0.14 
0.14 
0.11 
0.13 

ND< 0.02 
ND< 0.02 
ND< 0.02 
ND< 0.02 

ND< 0.02 
ND< 0.02 
ND< 0.02 
ND< 0.02 

ND< 0.02 
ND< 0.02 
ND< 0.02 
ND< 0.02 

ND< 0.020 
0.021 

ND< 0.020 
ND< 0.020 

0.272 
0.402 
0.520 
0.398 

*Coal analyses conducted by Commercial Testing and EnQineerinQ. 

(QPro Filename: MERCSOL.WBl) 
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. Samples were corrected for laboratory blanks. 

. Averages were calculated by averaging results for the number of runs 
which had concentrations above the method detection limit. If an 
analyte was detected in all three. runs, the average across the three runs 
was determined. If an analyte was not detected in one or two of the 
three runs, the average was determined using half of the detection limit 
for those runs in which the analyte was not detected; if the average was 
less than the highest detection limit, the result is reported as ND< 
(highest detection limit). In cases where an analyte was not detected in 
all three runs, the average was calculated as the average of the three 
detection limits. 

. Averages for total element concentrations in Method 29 samples were 
calculated as described above rather than adding the average solid and 
vapor results. 

. Coal results are on a dry basis. 

. The front half (probe rinses and filter) composite from the Method 29 
sample collected in Run 1 at Location 7 (SNRB”’ Outlet) was lost 
during sample preparation. Solid phase averages are calculated without 
including this sample. The total element results will be biased low for 
this run. 

. Detection limits were calculated by using three times the standard 
deviation of replicate (triplicate or more) results from blanks or low- 
level samples. 

For the ICP-AFS analyses of Method 29 samples (Table III-H) trace elements 

were detected at levels above blank train levels at all inlet locations. At the outlet locations, 

element emission levels are not significantly above train blank levels in many cases. Run 2 

at Location 12 appears to be an exception where emission levels for detected analytes are 

above train blank levels. Results for ICP-Al3 analysis of solid samples (Table III-18) are 

fairly consistent across the three sampling days. 

For the GF-AAS analyses of Method 29 samples (Table I&19), consistent 

emission levels above train blanks for the three runs were obtained at the inlet locations. 

Most concentrations at Location 7 (SNRR” Outlet) are close to train blank levels; while most 

concentrations at Location 12 (ESP Outlet) are above train blank levels. As with the ICP- 

AES analyses, the results for the GF-AAS analysis of solid samples are fairly consistent 
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across the 3 sampling days. One exception is the arsenic concentration in the economizer 

ash which ranged from 16 pglg in Run 2 to 130 pglg in Run 1. 

Results from CV-AAS analysis of total mercury in Method 29 samples (Table 

111-21) are remarkably consistent across the triplicate runs. In general, the distribution of 

mercury between solid and vapor phases appears to favor the solid phase for inlet locations 

and the vapor phase for outlet locations. As indicated in Table 111-21, the vapor phase 

results are a combination of Method 29 back half (HaOa impingers) and KMnO,, impinger 

results. In most cases, the amount of mercury in the back half was higher than that detected 

in the KMnO, impingers. For the CV-AAS analysis of solid samples (Table III-22), only the 

ESP ash had levels of mercury above the levels in the feed coal. 

Mercurv Smciation 

Mercury speciation measurements were made by Frontier Geosciences. The 

measurements were performed at the ESP and SNRB’” outlets during the time that the 

Method 29 train was collected at the same locations by ERR. The mercury speciation 

sampler was operated for shorter durations than the multiple metals trains but during the 

same sampling period. 

A description of the sampling and analytical method follows that of Bloom, 

and is presented in Appendix A. Briefly, the Bloom mercury speciation sampling train 

consisted of 2 pairs of solid sorbent traps, through which flue gas was pulled at a rate of 0.5 

Wmin. The first pair of traps contained KCl-impregnated soda lime for measurement of 

ionic mercury (fig*+) and methyl mercury (both species measured after ethylation), and the 

second pair of traps contained iodated carbon for metallic mercury. Each pair of traps 

(primary and backup) was analyxed separately to determine possible breakthrough. The 

sampler was not operated isokinetically, so particulate-bound mercury, if present, was not 

representatively sampled. 

The detailed results are given in Appendix A. Table III-23 summarizes the 

mercury speciation results. The data are blank-corrected and reported on a dry gas basis. 

For the ESP outlet, mercury emissions averaged 6.5 It 1 pgldscm. All of the methyl 

mercury results are suspect due to an artifact discovered after the completion of this effort 

(see Appendix A). The traps showed very high collection of oxidized mercury (>98 percent 
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TABLE 111-23. MERCURY SPECIATION RFiSULTS” 

Sample 

Blank-Corrected Mercury, Bloom Method Banelle 
@g/dscm) Method 29 

Ionic Methyl Hg’ Total @g/dscm)(‘*b) 

ESP Outlet 

LIZ 4121193 
13:17-17:19 

L12 4129193 
13:14-18:28 

L12 4129193 
19:25-21:25 

L12 4130193 
9:39-14% 

L12 4130193 
14:39-18:48 

L7 4127193 
10:56-15:23 

Ll 4129193 
12:51-17:31 

Ll 4129193 
17:45-20:45 

Ll 4130193 
9:30-14: 11 

L7 4130193 

5.82 1.61 0.21 7.70 

4.56 0.92 0.46 

4.49 0.80 0.16 

5.94 

5.45 I 

5.05 1.44 0.36 6.85 

6.23 2.11 (0.36)@’ (8.70)“’ 

3.09(d) 0.33(d) 4.23 7.65 

5.59” l.lO@ 2.88 

4.74(d) 0.80@) 3.64 

9.51 

9.18 1 

2.57cd) 3.32 

2.97(d) 

0.45’4) 

0.58(d) 4.70 

6.34 

8.25 3 

9.4 

10.1 

11.7 

11.4 

11.5 

15.5 

14:59-l&29 

; 
Collected during the same sampling period but for a longer duration. 
Results not blank-corrected. 

c A portion of the sampler lost, thus these are minimum values. This sample was not used for 
the data average. 

k-0 For all SNRB” samples, the actual ionic/methyl mercury levels may be higher than reported 
due to apparent breakthrough into the backup solid sorbent. 

(e) Methyl mercury results are suspect. See Appendix A for detailed explanation. 
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on the first sorbent trap). The percentage of the mercury present as ionic mercury averaged 

76 percent; as methyl mercury averaged 19 percent (suspect data; see Appendix A); and as 

Hg” averaged 4 percent. The significance of the ionic mercury is that it is the most readily 

captured form in wet FGD systems(‘). 

For the SNRB”” outlet, the samples showed oxidized mercury breakthrough 

into the second soda lime trap (backup). Thus, for the SNRB”’ results, Hg” concentrations 

may be overestimated. The value for total mercury, which is not affected by the sorbent 

breakthrough, averaged 8.2 f1.2 pgldscm. 

There is high between-day variability in the mercury emissions at each 

location. Each pair of ESP and SNRB”’ emissions measurements compare well, with the 

exception of the samples from 4/29/93. On the 29th, considerably higher mercury emissions 

are found for SNRB”’ than for the ESP. 

Corns&son of Mercurv Sueciation and Method 29 Train Results 

Table III-23 gives the corresponding mercury emissions levels measured by 

way of Method 29. The mercury speciation sampler was operated for shorter durations than 

the multiple metals trains but during the same sampling period. The Method 29 

measurements are consistently higher that the corresponding mercury speciation results. The 

differences are larger than can be explained by Method 29 data not being blank-corrected, 

and the Method 29 results do not suggest large particulate-phase mercury. The factors that 

governed the collection of mercury by the two methods are not completely understood. 

(Method 29 and the Bloom speciation method have been recently subjected to a field 

comparison@).) 

Using the coal mercury concentration (0.11-o. 14 pg/g), the average coal feed 

rate, and the average ESP and SNRB”” outlet flue gas flow rates, the expected concentration 

of mercury in the flue gas can be calculated t3). Assumptions include coal is the only source 

of mercury and 100 percent mercury volatilization. If 2.17 percent of the boiler flue gas is 

diverted to the SNRBN process (based on the ratio of average system inlet flow rates), this 

corresponds to a calculated emission of lo-12 pgldscm for SNRB”’ and 11-14 pgldscm for 

the ESP. This compares well with Method 29 measurements. 
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Frontier Geosciences performed additional measurement of total mercury in 

the coal samples. In the samples from April 27, 29, and 30; 0.12, 0.10, and 0.13 vglg of 

mercury was found. These results compare well with the coal mercury levels found at 

Battelle. 

Comuarison of Ash and Metal Concentration Menwred 
gt L-ocations 2 and 1Q 

Locations 2 and 10 are, respectively, the inlet locations to the SNRB”’ system 

and ESP. They both can be used to measure concentrations of HAPS exiting the boiler (see 

Figure I-3). Location 2 had no control devices between it and the outlet of the boiler. 

Because it was in the slipstream from the boiler exit and had a flow of only about 2.17 

percent of the total flue gas, it was not a normal location in which to measure the ash and 

metals content of flue gas exiting the boiler. However, Location 10 also was not ideal as a 

location for the boiler exit. Location 10 was a point in the duct downstream of the point 

where the SNPlY” exit flue gas rejoined the main flue gas prior to entering the ESP. The 

effect was to mix clean flue gas from the SNRB” system with dirty flue gas from the boiler 

at a ratio of about 2.2/97.8. Thus the flue gas at Location 10 could be expected to have 

concentrations of HAPS in the range 98 to 100 percent of the flue gas leaving the boiler 

(assuming the SNRB~ system to be between 100 and 0 percent efficient). In addition, a 

complete traversing of Location 10 could not be accomplished (see Section VII). Particulate- 

phase trace metal concentrations at the ESP inlet may be biased low at Location 10 (see 

Section IV). 

Table III-24 offers a comparison of measured concentrations of ash and trace 

metals at Locations 2 and 10 which are expected to be approximately equal since both 

represent flue gas leaving the boiler. The ratio of average measured ash concentrations at 

Location lOLocation 2 is 0.87. With the exception of antimony, the ratios for metals 

primarily in the particle phase and measured by GF-AAS was in the range 0.73 to 0.84. The 

ratio for mercury measured by CV-AAS was 1.04. Note that for the eight metals measured 

by ICP-AES the ratio was in the range 0.42 to 0.56. These unexpected differences suggest 

that some of the problems identified with sampling at these locations may have affected the 
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TABLE 111-24. COMPARISON OF SELECTED MEASUREMENTS OF SUBSTANCES 
AT LOCATIONS 2 AND 10 

SNRBTM ESP Ratio of 
Inlet Inlet Location 101 Analytical 

Substance Location 2 Location 10 Location 2 Method 

Ash(a) 8.5 9.0 1.06 Gravimetric 
Hg 9.88 10.3 1.04 CV-AAS 
Cr 784 397 0.51 ICP-AES 
Cd 7.23 3.32 0.46 ICP-AES 
Ni 376 182 0.48 ICP-AES 
Ba 1,550 692 0.45 ICP-AES 
co 158 67 0.42 ICP-AES 
Mn 788 398 0.51 ICP-AES 
V 1,120 625 0.56 ICP-AES 
Be 45.1 22 0.49 ICP-AES 
As 460 335 0.73 GF-AAS 
Pb 186 135 0.73 GF-AAS 
Sb 8.39 11.3 1.35 GF-AAS 
Se 148 124 0.84 GF-AAS 

la) Units for ash are gldscm. Units for metals are pg/dscm. 
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results. The effect of the differences on mass balance calculations will be discussed in 

section Iv. 

F. Chloride/Fluoride 

Chloride/fluoride results for gas emission samples are presented in Table III- 

25. Results for chloride/fluoride analysis of composite solid process samples collected on 

days corresponding to Method 26A gas sampling runs are presented in Table III-26. 
Data presented in these tables were treated as follows: 

. Sample results were not corrected for Location 7 or Location 12 
Method 26A train blanks, field reagent blanks, or laboratory blanks. 
Train and field reagent blank concentrations were calculated using the 
average gas sample volume from all locations. 

. Averages were calculated by averaging results for the number of runs 
which had concentrations above the method detection limit. If an 
analyte was detected in all three runs, the average across the three runs 
was determined. If an analyte was not detected in one or two of the 
three runs, the average was determined using half of the detection limit 
for those runs in which the analyte was not detected; if the average was 
less than the highest detection limit, the result is reported as ND C 
(highest detection limit). In cases where an analyte was not detected in 
all three runs, the average was calculated as the average of the three 
detection limits. 

. The detection limit was determined by multiplying the standard 
deviation of eight determinations by the student’s t value (see Section 
vn). 

In most cases, results for the three Method 26A samples at individual locations 
are consistent. Run 1 at Location 2 appears to have significantly lower concentrations of 
both fluoride and chloride than the other runs at this location. Likewise, Run 3 at Location 
10 also appears to have lower fluoride and chloride concentrations than other runs at this 
location. The results for chloride at the Baghouse Inlet (Location 5) may be suppressed due 
to the presence of lime in the gas stream (the particulate phase is not analyzed in Method 
26A). 
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TABLE 111-25. CHLORIDE/FLUORIDE RESULTS FOR METHOD 26A SAMPLE 

Sampling 
Location 

Sample 
I.D. 

Location 2 - RI-L2 
SNRB Inlet F!2-I2 

R3-L2 
Average 

Location 5 - RI-L5 
Baghouse Inlet R2-L5 

R3-LS 
Average 

Location 7 - Rl-L7 
SNRB Outlet R2-L7 

RfL7 
Average 

Location IO- RI-L10 
ESP Inlet R2-LIO 

R3-LI O 
Average 

Location 12 - RI-L12 
ESP Outlet R2-L12 

R3-L12 
Average 

< 

\ 

L 

3ample 
Jolume F- CI- 
(dscm) (pgldscm) (ug/dscm) 

2.28 204 9060 
2.33 2070 46000 
2.06 5960 36300 
2.23 3010 30400 

2.11 ND<2.40 527 
1.76 55.90 1300 
3.19 2.51 1160 
2.36 19.87 996 

2.11 73.00 889 
2.23 ND<2.42 1060 
2.06 42.20 332 
2.13 30.80 780 

‘Blank results calculated using average gas sample volume 
from all runs. 

(QPre Filename: CHLFLO.WBl) 
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TABLE Ill-26 . CHLORIDE/FLUORIDE RESULTS 
FOR SOLID SAMPLES 

Coal Feed l l l 

SNRB Solids 

l * -z. indicates analyte not detected; number 
represents detection limit. 

**Detection limit for chloride in sorbent feed is high 
(10 #gIgI due to matrix interference. 

l l *Analyses conducted by CTE. 

(QPro Filename: CFLSOL.WBl I 
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G. Polvm~clear Aromatic Hvdrocabong 

The concentration of PAH detected in gas emissions collected with a Method 
23 train are presented in Table III-27 for field and QC samples. PAH data were treated as 

. Sample results were not corrected for Location 7 or location 12 
Method 23 train blanks, the laboratory method blank, or matrix spike 
results. 

. Train blank concentrations were calculated using a nominal 3 dscm as 
the gas sample volume. 

. Averages were calculated by averaging results for the number of runs 
which had concentrations above the method detection limit. If an 
analyte was detected in all three runs, the average across the three runs 
was determined. If an analyte was not detected in one or two of the 
three runs, the average was determined using half of the detection limit 
for those runs in which the analyte was not detected; if the average was 
less than the highest detection limit, the result is reported as ND< 
(highest detection limit). In cases where an analyte was not detected in 
all three runs, the average was calculated as the average of the three 
detection limits. 

. The detection limit was determined by comparing the instrument noise 
level in the absence of a peak to the response of a known amount of 
internal standard. 

The Run 3 sample from Location 2 (SNRlF” Inlet) could not be analysed due 
to significant organic loading in the sample extract even after column cleanup. Therefore, 

data are not included in Table III-27 for this sample. As noted in Section VII (Data 

Evaluation), some samples had low internal standard recoveries possibly due to the high 
particulate loading which impeded extraction efficiency. These samples are identified in 
Table III-27. 

PAH results for triplicate runs at each location are consistent within a factor of 
approximately 10 or less. PAH emissions do not appear to be significantly different between 
inlet and outlet locations (i.e., SNRR’” Inlet - Location 2 vs SNRR’” Outlet - location 7; 
ESP Inlet - location 10 vs ESP Outlet - Location 12). For some compounds, PAH 
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emissions do not appear to be higher than PAH levels detected in field blank samples. PAH 
levels in laboratory method blanks are lower than field blank samples. 

H. DioxinslFurans 

The concentration of dioxins/furans in gas emissions collected with a Method 

23 train are presented in Table 111-28. Complete data reporting forms showing internal 

standard recoveries are included in Appendix B. As noted in Section VII (Data Evaluation), 
two samples from Location 5 (Baghouse Inlet) and two samples from Location 10 (ESP 

Inlet) had extremely low internal standard recoveries most likely due to the high particulate 

loading which impeded efficient Soxhlet extraction. Results for these samples are included in 
Table III-28 but should be considered suspect. Dioxinlfuran data were treated as follows: 

. Sample results were not corrected for Location 7 or Location 12 
Method 23 train blanks or method blank results. Blank results were 
calculated using 2 dscm gas sample volume. 

. The detection limit was determined by comparing the instrument noise 
level in the absence of a peak to the response of a known amount of 
internal standard. 

. Train blank concentrations were calculated using the average gas 
sample volume from the three runs at the associated location. 

. Averages were calculated by averaging results for the number of runs 
which had concentrations above the method detection limit and 
acceptable recoveries. If an analyte was detected in all three runs, the 
average across the three runs was determined. If an analyte was not 
detected in one or two of the three runs, the average was determined 
using half of the detection limit for those runs in which the analyte was 
not detected; if the average was less than the highest detection limit, 
the result is reported as ND< (highest detection limit). In cases where 
an analyte was not detected in all three runs, the average was calculated 
as the average of the three detection limits. 

Tetra- through octa-CDF were found in most Method 23 samples. 2,3,7,8- 
TCDF was found in all samples except Run 3 from Location 12 (ESP Outlet) and Run 2 

from Location 5 (Baghouse Inlet). Of the dioxins, only the higher chlorinated compounds 
(hexa- through octa-CDD) were detected in most samples. The concentration of octa-CDD 
in most samples was only slightly higher than the level detected in the laboratory method 
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blank or the field blanks which is not surprising since octa-CDD is ubiquitous in the 

environment. The solvent specified in Method 23 for extraction was not used for these 

analyses because of the need to analyze these same samples for PAH. However, the solvent 
used -- methylene chloride -- has demonstrated excellent recoveries for dioxinlfurans in 
recent work conducted by Rattelle. Some of the low recoveries obtained for these samples 
are attributed to the large amount of particulate which may have impeded extraction 

efficiency. 
The dioxin/furan concentrations in the emission samples collected in Run 2 

from Location 7 (SNRB’” Outlet) are significantly higher than the concentrations detected in 
the samples from Runs 1 and 3 at this same location. The cause for these higher Run 2 

concentrations is unknown. Results for Location 12 (ESP Outlet) are mostly consistent 
across the three runs, with the exception of 2,3,7,8-TCDD which was detected in Run 2 at a 
concentration of 9.9 pgldscm and not detected in the other two runs (detection limit of 

approximately 2 pg/dscm). 

I. Carbonvh 

Results for the carbonyl analyses of Method 0011 train flue gas samples are 
presented in Table III-29. As shown, carbonyl compounds were not detected in any of the 

flue gas samples, although the detection limit achieved in these analyses met the target 

detection limit of 1.4 ggldscm. Note that the solutions from the two DNPH impingers were 
analyzed separately to check for breakthrough. The probe and cyclone rinse and the solution 
from the thiid impinger in the Method 0011 train were not analysed for carbonyls. 

In contrast to the flue gas samples, the field blanks and the DNPH reagent 

blank showed a trace amount of acetone. This result suggests that DNPH derivatives in the 
flue gas samples should have been present (at least for acetone) but may have been destroyed 
through the sampling or analysis process. The high SO2 concentration in the gas emissions 
may have contributed to losses because it is a strong oxidant, although prior to field 
sampling, the U.S. EPA was consulted and indicated that high SO* was not a concern. 
Likewise, the DNPH derivatives may have adsorbed to the unexpected, large amount of 
particulate matter in the DNPH impinger solutions, and therefore been removed from 
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solution. Standard Method 0011 analysis procedures detail a methylene chloride extraction 
of the sample although those analysis procedures were not incorporated into the analytical 

plan for this project. Acetonitrile was used to prepare the impinger DNPH solution and 

methylene chloride was used by EER to recover the samples. These two solvents do not mix 
so the methylene chloride layer from the Impinger 1 sample collected on April 26 at 

Location 12 was analyzed to determine if the DNPH derivatives had preferentially partitioned 

into this solvent. Carbonyls were not detected in this methylene chloride layer (reported as 

Imp #1 U in Table III-29). Any further investigation of these samples was not conducted. 

J. Volatile Oceanic ComDoun& 

Tedlar bag samples were collected on April 29, 1993 but upon receipt at 

Rattelle these samples appeared to have leaked and were not analyzed. Consequently, two 

Tedlar bag samples (representing Runs 1 and 2) were collected at each gas sampling location 

(except Location 12 where only one sample was collected) on April 30, and one Tedlar bag 
sample (representing Run 3) was collected at each of Locations 2, 5, and 7 (SNRB”’ Inlet, 

Raghouse Inlet, and SNREP Outlet) on May 1. 
Results from the VOC analysis of the Method 18 Tedlar bag samples are 

provided in Table III-30. As indicated in Table 111-30, VOC data were treated as follows: 

. Results for the trip blank were not subtracted from sample results. 

. Averages were calculated by averaging results for the number of runs 
that had concentrations above the method detection limit. If an analyte 
was detected in all three runs, the average across the three runs was 
determined. If an analyte was not detected in one or hvo of the three 
runs, the average was determined using half of the detection limit for 
those runs in which the analyte was not detected; if the average was 
less than the highest detection limit, the result is reported as ND < 
(highest detection limit). In cases where an analyte was not detected in 
all three runs, the average was calculated as the average of the three 
detection limits. 

. Averages were not calculated for analytes in which the field spike. 
recoveries were less than 80 percent (see Table VII-43). These data 
should be considered suspect. An exception is toluene for which -the 
field spike recovery was 77 percent. 
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Of the VOC compounds analyzed, the following compounds were detected in 

most Tedlar bag samples: 

dichloromethane 
3-chloropropene 
1 , 1-dichloroethane 
trichloromethane 
benzene 
cis- 1,3-dichloropropene 
toluene 
ethylbenzene 
m,p-xylene 
1,2,4-trimethylbenzene 
benzyl chloride 
m-dichlorobenzene 
p-dichlorobenzene 
1,2,4-trichlorobenzene 

Of these detected VOC compounds, concentrations for benzene, cis-1,3- 

dichloropropene, m-dichlorobenzene, p-dichlorobenzene, and 1,2,4-trichlorobenzene appear 

to be higher than concentrations in the Tedlar bag trip blank processed with these analyses. 

For other detected VOC compounds, concentrations are relatively equivalent to the trip blank 

concentrations for most samples. While Tedlar bag samples were collected at some locations 

under high vacuum conditions, modifications to the sampling system were made in the field 

to accommodate these conditions; therefore, impact on the sampling was expected to be 

J<. Radionuclida 

Results from the radionuclide analysis of coal and filters from Method 26A 

(Locations 2, 7, 10, and 12) and Method 5 (Location 5) samples are presented in Table III- 

31. These analyses were conducted by International Technology Corporation (IT). The 

complete data package for these analyses, including error associated with analytical results, is 

provided in Appendix C. The following should be noted for these analyses: 

. Th”* and Th”’ when analyzed by gamma spectrometry are reported as 
RZz8. Prio when analyzed by gamma spectrometry is reported as Pbzn’. 
This is based on the assumption that thorium and radium, and polonium 
and lead, are in secular equilibrium. 

III-49 



III-50 



. Uz’* is reported from the 63 keV energy line from the Thm assuming 
that the UB8 and Thm are in secular equilibrium. 

. Only a portion of the total particulate from Locations 2, 5, and 10 
samples, which had considerable amount of loading, was prepared for 
analysis; results are corrected for the total sample. The entire filter 
and associated particulate. from Locations 7 and 12 were digested for 
analysis. 

. Results for the filter blank reagent and Location 7 and Location 12 
Method 26A train blanks were calculated using the average gas sample 
volume from all locations. 

. Results are not corrected for filter reagent blank or Method 26A train 
blanks. 

For these analyses, Pb*” and UD8 were detected in samples but were also 

detected at similar levels in the filter reagent blank and the Method 26A train blanks. 

Assuming a gas sample volume of 2 dscm, the train blank results for Pb*” and Uu* will 

correspond to approximately 23 pCi/dscm for Pb*” and 42 pCi/dscm for Uus. 

Flue gas results may be biased high. Based on the coal analyses of 

approximately 0.5 pCi of Uua and 12 percent ash, this would yield approximately 4.2 pCi/g 

of ash for Uu8. The flue gas measurements for Uu8 at the ESP outlet are an average of 76 

pCi/dscm or 34 pCi/dscm after blank subtraction, which is about 653 pCi/g of ash or about 2 

orders of magnitude higher than would be expected. 
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IV. MATERIAL BALANCES 

Material balances were performed on the boiler, the ESP, the combined boiler 

and ESP, and the SNRB% system. The calculations are provided in Appendix D, with a 

summary of results presented in Appendix E. Separate material balances were calculated for 

each test run and for the average of the three runs. Material balances are reported for ash 

and thirteen metals. 

Figures IV-la and IV-lb show the control volumes for the material balance 

calculations for the boiler, the ESP, the SNRB” process, and the combined boiler and ESP. 

These figures also show the flow paths into and out of each process. The ammonia flow into 

the SNRB”’ process is not shown on these figures as it is believed to contain no ash or metals 

and, therefore, would not influence the material balances. 

In performing the ash material balance calculations, a number of assumptions 

were made. The following paragraphs discuss these assumptions. 

Boiler Ash Balance: 

. Data on daily coal feed rates were not available. Therefore, the coal 
feed rate for each test day was assumed to be equal to the average coal 
feed rate for the entire test period. As the boiler operated at a nearly 
constant load during the entire test period, this is a reasonable 
assumption. 

. The rate of pyrite rejects was measured during two periods during the 
tests. The average flow rate of pyrite rejects for each test was taken to 
be the average pyrite reject rate for the two periods during which pyrite 
reject rates were measured. 

. The plant has no provisions for measuring the flow rates of the bottom 
ash stream or the economizer ash stream. However, knowing that the 
ash must achieve a material balance for the boiler, the total flow of 
bottom ash plus economizer hopper ash streams was taken to be equal 
to the difference between the ash entering the boiler with the coal and 
the fly ash exiting the boiler with the flue gas. Based on “Steam, Its 
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Generation and Use”, B&W, 1992, it was estimated that the bottom ash 
flow accounted for 75 percent of the ash that was not emitted as fly ash 
and the economixer ash flow accounted for 25 percent of the ash that 
was not emitted as fly ash. (For most metals the concentrations in the 
bottom ash and economixer ash were similar so that the assumed split 
between bottom ash and economixer ash had minimum impact on 
results.) 

. The unburned carbon content of the particulate exiting the furnace was 
not determined. Lacking any specific data, the unburned carbon 
content for the particulate exiting the boiler was taken to be equal to 
the unburned carbon content of the collected ESP ash. 

. Gas flow out of the boiler was equal to the gas flow at Location 10 
minus the gas flow at Location 7 plus the gas flow at Location 2. That 
is 

0 hiler exit = QIO - 4 + 4. 

ESP Ash Balance: 

. The plant has no provisions for measuring the flow rate of the ESP 
catch. However, knowing that the particulate must achieve a material 
balance for the ESP, the magnitude of the ESP catch was taken to be 
equal to the difference between the particulate entering the ESP and the 
particulate exiting the ESP. 

. The unburned carbon content of the particulate exiting the ESP was not 
determined. Lacking any specific data, the unburned carbon content 
for the particulate exiting the ESP was taken to be equal to the 
unburned carbon content of the collected ESP ash. 

SNRB”’ System Ash Balance: 

. Data on the baghouse solids generation rate were only available for 2 
days. For material balance calculations, the baghousesolids generation 
mte was taken to be equal to the average flow rate for the 2 days for 
which data were available. 

. The unburned carbon content of the particulate entering the SNRB”’ 
system was not determined. Therefore, the unburned carbon content of 
the particulate entering the SNRB~ system was estimated from the 
carbon content of the baghouse catch and the ratio of particulate and 
hydrated lime entering the SNRB’” system. 
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. The unburned carbon content of the particulate exiting the SNRB- 
system was not determined. Therefore, the unburned carbon content of 
the particulate exiting the SNRB”’ system was the same as that for the 
material collected at the baghouse. 

The calculated fraction of ash exiting the furnace as fly ash averaged 

approximately 68 and 73 percent of the ash input to the furnace using Location 2 and 10 

data, respectively. These values are below the expected value of 80-85 percent for a 

pulverixed coal-tired furnace. No explanation of this result is available. 

Metals Material Balance: 

In performing the metals material balances, the same assumptions reported for 

the ash material balances were made. However, some additional assumptions were required, 

including: 

. Particulate. loadings were only measured for “organic” test runs while 
metals analyses were only conducted on samples collected during 
“metals” test runs. Flue gas particulate loadings for the metals runs at 
the ESP inlet, the ESP outlet, the SW inlet, and the SNRB”’ outlet 
were taken to be equal to the average of the respective particulate 
loadings as calculated for the three runs for which particulate emissions 
data were available, i.e., the organic runs. 

. The SNRB’“’ system has no provisions for measuring the flow rate of 
the baghouse catch. However, knowing that the particulate must 
achieve a material balance for the baghouse, the magnitude of the 
baghouse catch was taken to be equal to the difference between the 
particulate entering the baghouse and the particulate exiting the 
baghouse for the three runs for which particulate emissions data were 
available (the organic runs). The baghouse catch rate for the metals 
runs was taken to be equal to the average of the baghouse catch rates 
calculated for the three organic runs. 

. When “less than” values were reported for metals analyses, a value of 
zero was used in the metals material balance calculations. 

. The metals emission rates for the boiler outlet and ESP inlet were 
based upon the metals concentrations measured at the SNREV inlet 
(Location 2), as sampling problems were experienced at the ESP inlet 
(Location 10) and the data from that location are questionable. 

. Raw metals data were corrected for field blanks by subtracting the 
average of the two field blank values for each metal. 
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. When subtraction of field blank values from raw data produced 
negative values, a value of zero was used. 

. Gas flow out of the boiler was equal to the gas flow at Location 10 
minus the gas flow at Location 7 plus the gas flow at Location 2. That 
is 

Qbi1.x exit = QIO - 4 + 02. 

. The mass flow rate of each metal exiting the boiler was equal to the 
mass flow rate. at Location 10 minus that at Location 7, plus that at 
Location 2. 

For the metals material balances, the assumptions regarding bottom ash, economizer ash, and 

ESP ash were necessary for two reasons. First, values for these flows were calculated from 

particulate loadings. Second, particulate emissions data were only available for the organic 

runs and the metals data were available for only the metals runs. 

,4sh: Material Balance Results 

Results for material balances for ash were calculated as the quantity of 

material leaving the system divided by the quantity of material entering the system under 

consideration. The nature of the assumptions that were made in performing the ash balance 

calculations essentially forced the ash balances to show near perfect closure (i.e., withii 

kO.1 percent). These assumptions were necessary because it was not possible to measure all 

mass flow rates, and some of the mass flow rates were calculated by differences between the 

mass flow rates that were measured. Thus, the near perfect closure for the ash material 

balances does not reflect on the quality of the emissions test results. 

Metals: Material Balanee Results 

Tables IV-l through IV-13 show the results of the material balance 

calculations for the 13 metals of interest. Separate material balance calculations are shown 

for the boiler, the ESP, the combined boiler and ESP, and the SW”’ system. Percent 

closure, as reported in these tables, is defined as 100 times the ratio of the material exiting 

the device to the material entering the device. A value of 100 indicates that the material 
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TABLE IV-l. MATERIAL BALANCE CLOSURES FOR MERCURY (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 48 62 110 73 32 
ESP 199 177 120 165 41 
Boiler and ESP 94 109 130 111 18 
SW system 224 176 134 178 45 

TABLE IV-2. MATERIAL BALANCE CLOSURES FOR CHROMIUM (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 78 44 131 84 44 
ESP 165 421 79 222 178 
Boiler and ESP 111 99 112 107 7 
SNRB~ system 133 326 69 176 134 

TABLE IV-3. MATERIAL BALANCE CLOSURES FOR CADMIUM (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 
ESP 
Boiler and ESP 
SNRB” systeni 

-(@ -- -- NCcb) NC 
159 919 57 378 471 
A) _- -- NC NC 
5.6 94 1.8 34 52 

(a) Indicates material balance closure not calculated because the metal was not measured 
above the detection limit in the input stream. 

@I NC indicates not calculated. 
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TABLE IV-4. MATERIAL BALANCE CLOSURES FOR NICKEL (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 68 47 106 73 30 
ESP 153 354 80 196 142 
Boiler and ESP 93 90 91 91 1 
SNRBm svstem 117 439 50 202 208 

TABLE IV-5. MATERIAL BALANCE CLOSURES FOR BARIUM (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 36 30 77 48 26 
ESP 228 296 76 200 113 
Boiler and ESP 63 60 63 62 2 
SNRB” svstem 21 28 7 19 11 

TABLE IV-6. MATERIAL BALANCE CLOSURES FOR COBALT (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 81 45 181 102 70 
ESP 138 309 62 170 127 
Boiler and ESP 106 77 126 103 24 
SNRB- svstem 81 178 60 106 63 

TABLE IV-7. MATERIAL BALANCE CLOSURES FOR MANGANESE (Percent) 

Svstem 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 63 40 109 71 35 
ESP 176 472 70 239 208 
Boiler and ESP 90 88 87 88 1 
SW system 144 339 64 183 141 
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TABLE IV-8. MATERIAL BALANCE CLOSURES FOR VANADIUM (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 70 48 117 78 35 
ESP 156 281 97 178 94 
Boiler and ESP 97 90 116 101 13 
SNRB~ system 163 327 79 190 126 

TABLE IV-9. MATERIAL BALANCE CLOSURES FOR BERYLLIUM (Percent) 

Svstem 4127193 4129193 4/30/93 Averaee 
Standard 
Deviation 

Boiler 79 78 125 94 27 
ESP 150 343 76 190 138 
Boiler and ESP 107 165 104 125 35 
SNRB” system 0 180 38 73 95 

TABLE IV-lo. MATERIAL BALANCE CLOSURES FOR ARSENIC (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 161 127 115 53 
ESP 286 346 413 171 
Boiler and ESP Iq)(d 317 415 366 NCcb) 
SNRBm system ND 716 396 556 NC 

(a) 

0) 

ND = Not determined because sample from Location 7 (SNRB= outlet) was lost 
during preparation. 
NC = Not calculated. 
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TABLE IV-l 1. MATERIAL BALANCE CLOSURES FOR LEAD (Percent) 

Svstem 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 48 29 41 39 10 
ESP 133 249 140 174 65 
Boiler and ESP N@d 65 56 61 NCcb) 
SNRB” system ND 104 50 77 NC 

(4 

0) 

ND = Not determined because sample from Location 7 (SNRB’” outlet) was lost 
during preparation. 
NC = Not calculated. 

TABLE IV-12. ,MATERIAL BALANCE CLOSURES FOR ANTIMONY (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 
ESP 
Boiler and ESP 
SNRB” system 

A) -- NCcb) NC 
153 143 163 153 10 
-6) -- -- NC NC 

Ik@) 76 56 66 NC 

(4 

(b) 
w 

Indicates material balance closure not calculated because the metal was not measured 
above the detection limit in the input stream. 
NC = Not calculated. 
ND = Not determined because sample from Location 7 (SNRB” outlet) was lost 
during preparation. 

TABLE IV-13. MATERIAL BALANCE CLOSURES FOR SELENIUM (Percent) 

System 4127193 4129193 4130193 Average 
Standard 
Deviation 

Boiler 50 30 102 61 37 
ESP 120 113 62 98 32 
Boiler and ESP @a) 35 65 50 NCcb) 
SW system ND 187 90 138 NC 

(a) 

0) 

ND = Not determined because sample from Location 7 (SNRB’” outlet) was lost 
during preparation. 
NC = Not calculated. 
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exiting the device was equal to the material entering the device, e.g., a perfect material 

balance. The following paragraphs summarize the results for each metal. 

Mercury 

The mercury content of coal feed and flue gas streams dominated the material 

balance calculations. Only for the ESP did the mercury mass flow rate from a solid stream 

(in the case of ESP hopper ash) make up as much as three percent of the mercury in one of 

the system’s flue gas streams. 

Table IV-1 shows that the combined mercury content of the three streams 

exiting the boiler equaled 48 to 110 percent (average 73 percent) of the measured mercury 

content of the feed coal. 

The mercury content of the two streams exiting the ESP equaled 120 to 199 

percent (average 165 percent) of the measured mercury content of the flue gas exiting the 

furnace and entering the ESP. 

Considering the boiler and ESP together, the mercury content of the four 

streams exiting these devices equaled 94 to 130 percent (average 111 percent) of the 

measured mercury content of the feed coal. 

The mercury content of the two streams exiting the SW equaled 134 to 

224 percent (average 178 percent) of the measured mercury content of the flue gas entering 

the SNRB”’ and of the hydrated lime introduced into the SNRB” process. 

The results of the material balance calculation for the average of the three runs 

are shown in Figure IV-2. Mass flow rates of mercury are shown in lblhr x 1W3. The 

values for the boiler can be found in the fourth column (labelled average) in Rows 28, 29, 

32, and 35 on the spreadsheet for mercury in Appendix E. The values shown for the FSP 

can be found in Rows 39, 40, and 43. The values for the boiler and ESP together can be 

found in Rows 32, 35, 40, 43, and 47. The values for the SNRR’” system can be found in 

Rows 51, 54, 57, and 58. These values are also summarized for all elements in Tables IV- 

16, IV-17, and IV-18 presented at the end of this section. 
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Table IV-2 shows that the chromium content of the three streams exiting the 

boiler equaled 44 to 131 percent (average 84 percent) of the measured chromium content of 

the feed coal. 

The chromium content of the two streams exiting the ESP equaled 79 to 421 

percent (average 222 percent) of the measured chromium content of the flue gas exiting the 

boiler and entering the ESP. These results reflect a consistent mass flow of chromium out of 

the ESP in collected ash (1.430 f 0.013 Ib/hr) and measured incoming chromium in flue gas 

of 0.869, 0.342, and 1.782 lblhr for Runs 1, 2, and 3, respectively. The relatively low 

value of 0.342 lblhr for Run 2 resulted in the high value of 421 percent for the material 

balance closure. 

Considering the boiler and ESP together, the chromium content of the four 

streams exiting these devices equaled 99 to 112 percent (average 107 percent) of the 

measured chromium content of the feed coal. 

The chromium content of the two streams exiting the SNRB’” equaled 69 to 

326 percent (average 176 percent) of the measured chromium content of the flue gas entering 

the SNRJ3~ and of the hydrated lime introduced into the SNRB- process. 

Cadmium 

Because no cadmium was found in the pulverixed coal being fired, no ratio 

could be determined to express the relationship between the cadmium content of the three 

streams exiting the boiler and the cadmium content of the feed coal. 

Table IV-3 shows that the cadmium content of the two streams exiting the PSP 

equaled 57 to 919 percent (average 378 percent) of the measured cadmium content of the flue 

gas entering the ESP. The extremely high value for closure of the material balance for Run 

2 is attributed to the low measured input rate of 1.9 x 10” lblhr of cadmium compared to 

values of 9.4 x 1O-3 and 16.3 x lOA for Runs 1 and 3. Cadmium in the output streams of the 

ESP system was all found in the ESP hopper ash at Location 11. 
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Considering the boiler and ESP together, because no cadmium was found in 

the pulverixed coal being fired, no ratio could be determined to express the relationship 

between the cadmium content of the four streams exiting these devices and the cadmium 

content of the feed coal. 

The cadmium content of the two streams exiting the SNRB”” equaled 2 to 94 

percent (average 34 percent) of the measured cadmium content of the flue gas entering the 

SNRB” and of the hydrated lime introduced into the SNRBn process. The measured input 

rates in the flue gas were 0.21, 0.043, and 0.38 x 10m3 lb/hr for Runs 1, 2, and 3. The 

measured output rates in the flue gas were 0.012, 0.040, and 0.007 x 1W3 Iblhr. The value 

of 0.012 x 10e3 lblhr for Run 1 does not include material from the front half of the sample 

train, which was lost during sample preparation. 

Table IV-4 shows that the nickel content of the three streams exiting the boiler 

equaled 47 to 106 percent (average 73 percent) of the measured nickel content of the feed 

coal. Process streams 1, 2, 8, and 9 provided ~significant nickel levels for the material 

balance calculations. 

The nickel content of the two streams exiting the ESP equaled 80 to 354 

percent (average 196 percent) of the measured nickel content of the flue gas entering the 

ESP. The incoming flue gas and outgoing ESP hopper ash contained essentially all the 

nickel in the material balance calculation. A relatively low value for incoming nickel for 

Run 2 (194 x l@‘.Ib/hr compared to the average of 479 x 10m3 lblhr) resulted in the high 

value of 354 percent for the material balance. 

Considering the boiler and ESP together, the nickel content of the four streams 

exiting these devices equaled 90 to 93 percent (average 91 percent) of the measured nickel 

content of the feed coal. 

The nickel content of the two streams exiting the SNRB”’ equaled 51 to 439 

percent (average 202 percent) of the measured nickel content of the flue gas entering the 

SNRB”’ and of the hydrated lime introduced into the SNRB”’ process. The high value of 439 

percent for Run 2 resulted from relatively low measured input of nickel to the SNRB”’ 

system combined with relatively high measured output (compared to the other two runs). 
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Table IV-5 shows that the barium content of the three streams exiting the 

boiler equaled 30 to 77 percent (average 48 percent) of the measured barium content of the 

feed coal. Process streams 1, 2, 8, and 9 played a major role in the material balance 

calculation. The barium concentration in process stream 2 averaged about 2.3 times that of 

process stream 10. 

The barium content of the two streams exiting the ESP equaled 76 to 296 

percent (average 200 percent) of the measured barium content of the flue gas exiting the 

furnace and entering the ESP. The material balance calculation for the ESP was driven by 

process streams 2 and 11. 

Considering the boiler and ESP together, the barium content of the four 

streams exiting these devices equaled 60 to 63 percent (average 62 percent) of the measured 

barium content of the feed coal. 

The barium content of the two streams exiting the SNRB~ equaled 7 to 28 

percent (average 19 percent) of the measured barium content of the flue gas entering the 

SNREt”’ and of the hydrated lime introduced into the SNRB”’ process. The SNRFY system 

had input flow of barium in the flue gas of 26.2, 21.8, and 89 x 10m3 lblhr for Runs 1, 2, 

and 3, respectively; Input from the lime averaged 6.1 x 10” lblhr, and output from the 

baghouse averaged 7.1 x l@” Iblhr. 

Table IV-6 shows that the cobalt content of the three streams exiting the boiler 

equaled 45 to 181 percent (average 102 percent) of the measured cobalt content of the feed 

coal. As was the case for barium, process streams 1, 2, 8, and 9 played a major role in the 

material balance calculation for cobalt. 

The cobalt content of the two streams exiting the ESP equaled 62 to 309 

percent (average 170 percent) of the measured cobalt content of the flue gas entering the 

ESP. A low value for the input stream for Run 2 again caused the material balance closure 

to have a high value. The input mass flows of cobalt for Runs 1, 2, and 3 were 161, 57, 

and 385 x 10m3 lblhr (based on Location 2 data). 
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Considering the boiler and ESP together, the cobalt content of the four streams 

exiting these devices equaled 77 to 126 percent (average 103 percent) of the measured cobalt 

content of the feed coal. 

The cobalt content of the two streams exiting the SNRB= equaled 60 to 178 

percent (average 106 percent) of the measured cobalt content of the flue gas entering the 

SNRR= and of the hydrated lime introduced into the SNRBr” process. Process streams 2, 3, 

and 6 predominated the material balance calculation. The average mass flow rates of cobalt 

in these three process streams was 4.7, 3.4, and 7.1 x lo5 lblhr. 

Manpanese 

Table IV-7 shows that the manganese content of the three streams exiting the 

boiler equaled 40 to 109 percent (average 71 percent) of the measured manganese content of 

the feed coal. The lowest value of 44 percent for Run 2 is a consequence of a relatively low 

mass flow out in process stream 2. 

The manganese content of the two streams exiting the ESP equaled 70 to 472 

percent (average 239 percent) of the measured manganese content of the flue gas entering the 

ESP. The ESP calculations were again dominated by process streams 2 and 11. The input 

flow of manganese from Run 2 was relatively low yielding the high closure of 472 percent. 

Tbe output in the flue gas (stream 12) was variable (0.77, 44, 3.8 x 10m3 Ib/hr), but this 

stream had a negligible influence on the material balance for manganese. 

Considering the boiler and ESP together, the manganese content of the four 

streams exiting these devices equaled 87 to 90 percent (average 88 percent) of the measured 

manganese content of the feed coal. 

The manganese content of the two streams exiting the SNRB” equaled 64 to 

339 percent (average 183 percent) of the measured manganese content of the flue gas 

entering the SNRB’” and of the hydrated lime introduced into the SNRB’” process. The input 

mass flow of manganese in the flue gas was relatively low for Run 2 yielding the high 

closure of 339 percent. The average mass flow rates of manganese for process streams 2, 3, 

6, and 7 were 23.1, 2.3, 30.3, and 0.02 x lo-” lblhr. 

IV-16 



Vanadium 

Table IV-8 shows that the vanadium content of the three streams exiting the 

boiler equaled 48 to 117 percent (average 78 percent) of the measured vanadium content of 

the feed coal. 

The vanadium content of the two streams exiting the ESP equaled 97 to 281 

percent (average 178 percent) of the measured vanadium content of the flue gas entering the 

ESP. The high closure of 281 percent for Run 2 resulted from a relatively low measured 

concentration of vanadium in the input stream to the ESP. 

Considering the boiler and ESP together, the vanadium content of the four 

streams exiting these devices equaled 90 to 116 percent (average 101 percent) of the 

measured vanadium content of the feed coal, 

The vanadium content of the two streams exiting the SNRB’” equaled 79 to 

327 percent (average 190 percent) of the measured vanadium content of the flue gas entering 

the SNRB” and of the hydrated lime introduced into the SNRF process. The relatively 

high closure value of 327 percent for Run 2 was the result of the combination of the lowest 

value of the three runs for the flue gas input and the highest value of the three runs for the 

SNRB= solids outflow. 

Bervllium 

Table N-9 shows that the beryllium content of the three. streams exiting the 

boiler eqaled 7g to 125 percent (average 94 percent) of the measured beryllium content of 

the feed coal. 

The beryllium content of the two streams exiting the ESP eqaled 76 to 343 

percent (average 190 percent) of the measured beryllium content of the flue gas entering the 

ESP. The high value of 343 percent for closure on beryllium in Run 2 is a consequence of 

the relatively low input flow. 

Considering the boiler and ESP together, the beryllium content of the four 

streams exiting these devices equaled 104 to 165 percent (average 125 percent) of the 

measured beryllium content of the feed coal. 
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The beryllium content of the two streams exiting the SNRB= equaled 0 to 180 

percent (average 73 percent) of the measured beryllium content of the flue gas entering the 

SNRB’” and of the hydrated lime introduced into the SNREY process. The spread in the 

closure for beryllium in the SNRB= system is in part a consequence of the very low 

concentrations in the system. Process streams 2 and 6 had values ranging from 0 to 2.4 x 

10e3 lblhr. No beryllium was found in process streams 3 and 7. 

Arsenic 

Table N-10 shows that the arsenic content of the three streams exiting the 

boiler equaled 56 to 161 percent (average 115 percent) of the measured arsenic content of the 

feed coal. 

The arsenic content of the two streams exiting the ESP equaled 286 to 608 

percent (average 413 percent) of the measured arsenic content of the flue gas entering the 

ESP. The closure on material balances for arsenic was high for all runs for the BP, boiler 

and ESP, and SNRFF system. 

Considering the boiler and ESP together, the arsenic content of the four 

streams exiting these devices equaled 317 to 415 percent (average 366 percent) of the 

measured arsenic content of the feed coal. 

The arsenic content of the two streams exiting the SNPEJ”’ equaled 396 to 716 

percent (average 556 percent) of the measured arsenic content of the flue gas entering the 

SNRB”’ and of the hydrated lime introduced into the SNRB’” process. 

Table IV-11 shows that the lead content of the three. streams exiting the boiler 

equaled 29 to 48 percent (average 39 percent) of the measured lead content of the feed coal. 

The lead content of the two streams exiting the PSP equaled 133 to 249 

percent (average 174 percent) of the measured lead content of the flue gas entering the ESP. 
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Considering the boiler and ESP together, the lead content of the four streams 

exiting these devices equaled 56 to 65 percent (average 61 percent) of the measured lead 

content of the feed coal. 

The lead content of the two streams exiting the SNRB”’ equaled 50 to 104 

percent (average 77 percent) of the measured lead content of the flue gas entering the 

SNRB” and of the hydrated lime introduced into the SNRB”’ process. 

Because no antimony was found in the pulverized coal being fired, no ratio 

could be determined to express the relationship between the antimony content of the three 

streams exiting the boiler and the antimony content of the feed coal. 

Table IV-12 shows that the antimony content of the two streams exiting the 

ESP equaled 143 to 163 percent (average 153 percent) of the measured antimony content of 

the flue gas exiting the furnace and entering the ESP. 

Considering the boiler and ESP together, because no antimony was found in 

the pulverixed coal being tired, no ratio could be determined to express the relationship 

between the antimony content of the four streams exiting these devices and the antimony 

content of the feed coal. 

Tbe antimony content of the two streams exiting the SNRB”’ equaled 56 to 76 

percent (average 66 percent) of the measured antimony content of the flue gas entering the 

SNRB’” and of the hydrated lime introduced into the SNRB”’ process. Flue gas into SNRR”’ 

and baghouse collectexl ash out of SNRB- accounted for essentially all of the measured 

antimony. 

Seleniuq 

Table N-13 shows that the selenium content of the three streams exiting the 

boiler equaled 30 to 102 percent (average 61 percent) of the measured selenium content of 

the feed coal. The low closure values for Runs 1 and 2 result from a 50 percent higher input 

rate and output rates that were 73 and 45 percent of that for Run 3. 

N-19 



The selenium content of the two streams exiting the ESP equaled 62 to 120 

percent (average 98 percent) of the measured selenium content of the flue gas exiting the 

furnace and entering the ESP. Selenium was a significant factor in all three process streams 

for the material balance. This reflects the partitioning between the vapor and solid phases 

that is characteristic of selenium at these temperatures. 

Considering the boiler and ESP together, the selenium content of the four 

streams exiting these devices equaled 35 to 65 percent (average 50 percent) of the measured 

selenium content of the feed coal. 

The selenium content of the two streams exiting the SNRB”’ equaled 90 to 187 

percent (average 138 percent) of the measured selenium content of the flue gas entering the 

SW and of the hydrated lime introduced into the SNRB” process. 

Metals: Discussion of Material Balance Red@ 

Examination of the above results for material balances on the thirteen metals 

of interest shows that: 

. The amount of metals accounted for in the three streams exiting the 
boiler (Locations 2, 8, and 9) was less than the metal found in the feed 
coal stream (Location 1) except for cobalt and arsenic. 

. The amount of metals accounted for in the two streams exiting the ESP 
(Locations 11 and 12) was significantly greater than the metal found in 
the flue gas stream entering the ESP (both for Location 10 and based 
on Location 2 data) except for selenium. 

. For most metals, there was reasonably close agreement between the 
amount of metals accounted for in the four streams exiting the boiler 
and FSP (Locations 8, 9, 11, and 12) and the metal found in the feed 
coal stream (Location 1). 

. The relationship between the amount of metals accounted for in the 
streams entering and exiting the SNRB- process was varied, but most 
often significantly more metal was found in the streams exiting the 
SNRB”’ (Locations 6 and 7) than was found in the streams entering the 
SNREP (Locations 2 and 3). 
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These results are most easily explained by concluding that, for most metals, 

too little of the metal was measured in the flue gas stream exiting the boiler (both at 

Location 10 and at Location 2 from which data for material balances were used). The fact 

that the overall material balances for the boiler and ESP together were in reasonable balance. 

suggests that the data for the metals contents of the feed coal and for the other streams 

exiting the boiler and the ESP must have been reasonably correct. Also, the reasonable 

balances achieved for the boiler and FSP together suggest that the assumptions made in 

performing the material balance calculations were reasonable, at least as concerns the boiler 

and the ESP. 

If significantly more metal had been found in the flue gas stream exiting the 

boiler, the material balances for the boiler and for the ESP would have more nearly in 

agreement. That is, the material balance results for the boiler would be higher and those for 

the ESP would be lower. If significantly more metal had been found in the flue gas stream 

exiting the boiler, the material balance percentages for metals for the SNRB”’ process would 

have been lower. This would more nearly balance metal entering and exiting for some 

metals and produced a greater imbalance for other metals. 

The low amount of metal exiting the boiler may be the result of a low bias in 

the particulate phase trace metals concentrations. The fly ash entering the ESP (or exiting 

the boiler) -- Locations 10 and 2 -- would be expected to be similar in concentration with the 

ash collected by the FSP and the ash that drops out in the economizer. A comparison of 

metal concentrations at these locations is provided in Table N-14. The metal concentrations 

in coal feed ash is also included for further comparison. 

Note that the average particulate loadings used to calculate the data presented 

in Table N-14 were derived from Method 26A samples, rather than the Method 29 samples 

analyzed for trace metals. 

As Table IV-14 shows, the concentration of the fly ash collected at Location 2 

(exiting the boiler and entering the SNRB”“) more closely compares with the concentrations 

of the economizer ash and the ESP ash than does the fly ash collected at Location 10 (exiting 

the boiler and entering the ESP). This comparison strengthens the suggestion that sampling 

difficulties may have affected the validity of collected samples at Location 10 (see Section 

VII and Page III-32). The use of Location 2 data for material balances is supported by this 
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TABLE IV-14. COMPARISON OF METAL CONCENTRATIONS @g/g) 

Coal Feed 
Ash@ 

(Location 1) 

Fly Ash 
Entering Fly Ash Economizer 
SW Entering ESP Ash ESP Ash 

(Location 2) (Location 10) (Location 9) (Location 11) 

Cr 125 92 42 120 124 
Cd ND(b) 0.85 0.3 8 1 
Ni 67 44 19 53 52 
Ba 394 182 19 190 233 
co 19 19 7 16 19 
Mn 158 92 41 144 134 
V 186 132 66 147 158 
Be 5.8 5.3 2 6 6 
As 42 54 34 67 194 
Pb 44 22 14 5 14 
Sb ND 0.99 0.9 0.8 1.4 

(a) 

@) 

CaIculated using average coal ash value of 12 percent and metal concentration in coal 
@g/g) from Table III-18 and 111-20. 
ND = Not detected. 

comparison. Use of Location 2 data provides improved material balances over use of 

Location 10 data. For example, the average material balance closure for nickel across the 

boiler and the ESP would be 47 and 390 percent using Location 10 data but is 73 and 196 

percent using Location 2 data, as presented here. However, while use of Location 2 data 

improves material balances, the trend noted above still exists to some extent. 

Material Balance Results When Data Outliers are Eliminates 

To assess the influence of extreme values of trace metal concentrations on 

material balance calculations, the data were screened and new material balance calculations 

were made. To screen the data the average and standard deviations of trace metal mass flow 

rates in the process streams were calculated. If either of the low or high values for the three 

runs was outside one standard deviation, it was eliminated and a new average value was 

calculated for use in the material balance. For several sets of data, the three values were 

widely dispersed with no one value dutside the range of f one standard deviation. Then all 
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three values were used in the average. For several process streams and some metals, the 

data at the ESP or SNRB’” outlet were widely scattered, but these streams did not signifi- 

cantly affect the material balance. Then, of course, this procedure of screening the data had 

no significant effect on the material balance. The results of this exercise are shown in Table 

IV-15. Compared to the average values shown in Tables IV-1 through IV-13, the material 

balance closures shown in Table IV-15 show marked improvement for the ESP. This 

improvement reflects the change in input mass flow rate to the calculation. Nevertheless, 

considering all four systems shown in Table N-15, the closures are still greater than 200 

percent or less than 50 percent for five metals. For the entire SNREY process, cadmium, 

barium, and arsenic have closures outside the range of 50 to 200 percent. 
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TABLE IV-15. RESULTS OF MATERIAL BALANCE 
CALCULATIONS USING AVERAGE DATA SCREENED 
FOR EXTREME VALUES ON INDIVIDUAL RUNS 

Material Balance Closure (percent) 

Element Boiler ESP Boiler and ESP SNRB” 

Hiz 73 165 111 155 

Cr 84 122 107 101 

Cd NC(*) 108 NC 34 

Ni 73 116 91 84 

Ba 48 200 62 19 

co 102 100 103 106 

Mn 71 123 88 104 

V 78 126 101 121 

Be 94 113 125 73 

As 115 316 366 556 

Pb 39 136 61 77 

Sb NC 153 NC 66 

Se 61 98 50 138 

(4 NC = not calculated. 
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TABLE IV-16. MATERIAL BALANCES FOR BOILER (lb/hr) 

Metal 

Mercury 
Chromium 
Cadmium 

Nickel 
Barium 
Cobalt 

Manganese 
Vanadium 
Beryllium 

Arsenic 
Lead 
Antimony 

Selenium 

G50 Metal in G56 Metal in G60 Metal in Metal in 
Pulverized Coal Bottom Ash Economizer Ash Flue Gas 

0.016 0 O.OOOOO4 0.012 
1.85 0.39 0.14 1.00 
0 0.010 0.010 0.009 

1.01 0.19 0.06 0.48 
5.98 0.64 0.22 1.97 
0.29 0.058 0.019 0.20 

2.40 0.51 0.17 1.00 
2.82 0.52 0.17 1.43 
0.084 0.018 0.007 0.057 

0.63 0.017 0.078 0.59 
0.67 0.022 0.006 0.24 
0 0.0004 0.0003 0.011 

0.34 0 0 0.19 

TABLE IV-17. MATERIAL BALANCES FOR ESP (lblhr) 

Metal 
Metal in Metal in Metal in 

Incoming Flue Gas ESP Catch Exiting Flue Gas 

Mercury 0.012 0.004 0.014 
Chromium 1.00 1.43 0.0016 
Cadmium 0.009 0.014 0 

Nickel 0.48 0.66 0.0001 
Barium 1.97 2.78 0.0016 
Cobalt 0.20 0.21 0 

Manganese 
Vanadium 
Beryllium 

1.00 
1.43 
0.057 

1.40 
2.09 
0.075 

0.02 
0.0015 
0 

Arsenic 0.59 2.23 0.005 
Lead 0.24 0.38 0.00008 
Antimony 0.011 0.016 0.00009 

Selenium 0.19 0.12 0.05 
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TABLE IV-18. MATERIAL BALANCES FOR SNRB”’ PROCESS (lb/hr) 

Metal 
Metal in Metal in Metal in Metal in 

Incoming Flue Gas Sorbent Baghouse Catch Exiting Flue Gas 

Mercury 0.00028 
Chromium 0.023 
Cadmium 0.0002 

Nickel 0.011 
Barium 0.046 
Cobalt 0.0047 

Manganese 
Vanadium 
Beryllium 

0.023 
0.033 
0.0013 

0 
0.0006 
0 

0 
0.006 
0.0034 

0.002 
0.002 
0 

0 0.00046’ 
0.028 0.0001 
0 0.00002 
0.012 
0.007 
0.0071 

0.030 
0.051 
0.0006 

0.001 
O.OOOOCM 
o.OoOO3 

0.00002 
0 
0 

Arsenic 0.013 0.0007 0.063 0.00004 
Lead 0.0054 0 0.0033 0.000017 
Antimony 0.0002 0.0006 0.0005 0.00003 

Selenium 0.0043 0 0.0049 0 
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V. EMISSION FACTORS 

Emission factors for ash matter and trace substances were calculated for flue 
gas streams leaving the boiler (Location lo), the ESP (Location 12), and the SNRIF process 

(Location 7). Sample calculations are shown in Appendix D. Average values from field 
train blanks were subtracted from values measured in flue gas samples to calculate levels of 

substances. Where indicated by the ND flag, the substance was not detected or was detected 

at a level below the level in the train blank. In this case, the emission factor presented is 
calculated from half of the detection limit. Results are shown in Tables V-l through V-10. 

Emission factors are shown for each sampling day and for the average value. The standard 

deviation and the 95 percent confidence interval are also shown. Standard deviations were 
calculated using the following: 

I sD = g h-4 I n-l 

Where less than three data were available, standard deviations were considered meaningless 
and were not calculated. 

Ninety-five percent confidence intervals were calculated by multiplying the 
standard deviation by a value extracted from t-test tables for the 0.975 interval and three data 

points (4.303) and dividing by the square root of the number of data points (3). 
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TABLE V-l. EMISSION FACTORS FOR ASH EXITING THE BOILER, 
ESP, AND SNRB’“(‘) 

95% 
Standard Confidence 

System 4126193 511193 512193 Average Deviation Interval (*) 

Boiler 5.78 6.02 8.69 6.83 1.62 4.0 

ESP 0.047 0.055 0.033 0.045 0.011 0.03 

SNRBrn 0.037 0.027 0.018 0.027 0.009 0.02 

(a) Values in lbllOEO6 BTU. 
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TABLE V-2. EMISSION FACTORS FOR METALS EXITING THE ESP 

Metal 4127193 

Emission Factor (lb/l OE12 BTU1 

412919 4/30/93 Average(a) 

95% 
Standard Confidence 
Deviation Interval ( + I-) 

Chromium 0.07 i .7a 0.87 0.91 0.85 2.12 
Cadmium ND< 6.60 ND< 6.59 ND< 6.62 6.60 # 0.01 0.03 
Nickel ND< 7.92 ND< 7.91 ND< 7.94 7.92 # 0.02 0.04 
Barium *ND< 6.60 3.00 *ND< 6.62 5.41 # 2.09 5.18 
Cobalt ND< 7.92 ND< 7.91 ND< 7.94 7.92 # 0.02 0.04 
Manganese 0.49 27.86 2.41 10.25 i 5.28 37.95 
Vanadium ND< 7.04 2.71 0.46 3.40 # 3.35 a.31 
Beryllium ND< 6.60 ND< 6.59 ND< 6.62 6.60 # 0.01 0.03 
Arsenic 1.57 5.61 1.63 2.93 2.31 5.75 
Lead *ND< 0.11 0.05 ND< 0.11 0.09 # 0.04 0.09 
Antimony 0.11 0.09 0.04 0.08 0.04 0.09 
Selenium 74.46 5.52 9.95 29.98 38.59 95.86 
Mercury 7.92 a.51 9.89 a.77 1 .Ol 2.51 

(a)# indicates average emission factor calculated from one or more non-detect values. 
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TABLE V-3. EMISSION FACTORS FOR METALS EXITING SNRB” 

Metal 4127193 

Emission Factor (lb/l OE12 BTU) 

4129193 4130193 Average(c) 

95% 
Standard Confidence 
Deviation Interval f + /-) 

Chromium ND< 6.29 10.40 *ND< 6.27 7.65 # 2.38 5.91 
Cadmium 0.33 1.11 ND< 7.53 2.99 # 3.95 9.81 
Nickel 2.50 89.82 ND< 9.03 33.78 # 48.64 i 20.84 
Barium ND< 7.54 0.30 *ND< 7.52 5.12 # 4.17 10.36 
Cobalt ND< 9.05 2.73 ND< 9.03 6.94 # 3.65 9.06 
Manganese *ND< 7.54 1.28 0.24 3.02 # 3.95 9.81 
Vanadium ND< 6.17 ND< 8.09 ND< 6.03 a.10 # 0.07 0.18 
Beryllium ND< 7.54 ND< 7.59 ND< 7.53 7.55 # 0.03 0.08 
Arsenic NS(a) 2.18 0.27 1.22 NC(b) NC 
Lead NS 0.81 ND< 0.20 0.51 # NC NC 
Antimony NS 1.51 ND< 0.05 0.78 # NC NC 
Selenium NS *ND< 0.10 ND< 0.09 0.10 # NC 
Mercury 11.05 11.27 15.11 i 2.48 5.67 

(al NS indicates no sample data. 
(bf NC indicates not calculated because too few data. 
fcl# indicates.average emission factor calculated from one or more non-detect values. 
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VI. CONTROL EQUIPMENT REMOVAL EFFICIENCIES 

Removal efficiencies for particulate matter and trace substances were 
calculated using measured concentrations of substances corrected for field blank levels. 

These calculations are reported for those substances for which the calculations are meaningful 
as a group. Sample calculations can be found in Appendix D, with a summary of results in 

Appendix E. Results are presented in Tables VI-1 to VI-3 for ash and elements. Particulate 

matter removal efficiencies for the ESP and SNRR’” system are shown in Table VI-I. 

Tables VI-2 and VI-3 show removal efficiencies for the ESP and the SNRB” 
process for 13 metals. Removal efficiencies through the ESP process were calculated using 
Location 2 data as the inlet concentration. 

The removal efficiencies for metals may be low because the material balance 
calculations pointed to reporting of low concentrations of metals in the flue gas leaving the 

boiler (inlet to the ESP Location 10 and SW Location 2). If these inlet concentrations of 
metals are low, then the calculated efficiencies for metals across the ESP and SNRR- are 

also low. Nevertheless the results of the calculations show that for all metals except mercury 
and selenium, there was a reduction of emissions of elements of more than 95 percent in the 
ESP. The average removal efficiencies for mercury and selenium were -27 and 74 percent, 

respectively. 
For all metals except mercury, cadmium, nickel, and antimony, there was a 

reduction in flue gas concentration in excess of 97 percent through the SNRB”’ process. The 

reductions for mercury, cadmium, nickel, and antimony were calculated to be 0, 66, 75, and 
90 percent. For six of the metals, the removal efficiency of the SNRFY process was equal to 

or greater than that of the ESP. No beryllium emissions were detected exiting either the ESP 

or SNRF3m process. 
If, as suspected, the metals content of the flue gas stream exiting the boiler is 

underreported, the removal efficiencies for both the FSP and the SNRB” process would have 
been greater than the values shown in both Tables VI-2 and VI-3. 
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TABLE VI-l. REMOVAL EFFICIENCIES OF THE ESP AND 
SNRB” FOR PARTICULATE MATTER”) 

Control System 

ESP@) 

SNlE@) 

95% 
Standard Confidence 

4126193 511193 512193 Average Deviation Interval (*) 

99.18 99.07 99.62 99.29 0.29 0.72 

99.37 99.56 99.8 99.57 0.22 0.93 

Values given in percent. 
Using Location 2 as inlet condition. 
SNRB- process overall; the baghouse collection efficiency would be higher. 

TABLE VI-2. REMOVAL EFFICIENCIES OF THE ESP FOR METALS 
(BASED ON LOCATION 2 DATA) 

Removal Efficiency (percent) 

Metal 4127193 4129193 4130193 Average 

95% 
Standard Confidence 
Deviation Interval (*) 

Mercury 
Chromium 
Cadmium 
Nickel 
Barium 
Cobalt 
Manganese 
Vanadium 
Beryllium 
Arsenic 
Lead 
Antimony 
Selenium 

99.97 
loo”) 

100 
100 
100 
99.91 

100 
100 
99.61 

100 
98.56 
37.10 

-33 12.4 -27 
99.13 99.91 99.67 

100 100 100 
99.83 100 99.94 
99.5 100 99.83 

100 100 100 
as.45 99.79 95.05 
99.48 99.98 99.82 

100 100 100 
97.69 99.65 98.98 
99.84 100 99.95 
99.01 99.71 99.09 
92.35 93.80 74.43 

37 
0.47 
0.00 
0.10 
0.29 
0.00 
8.31 
0.29 
0.00 
1.12 
0.09 
0.58 

32.00 

91.92 
1.16 
0.00 
0.24 
0.72 
0.00 

20.65 
0.73 
0.00 
2.78 
0.23 
1.44 

79.50 

(a) 

@) 

A negative value indicates outlet concentration exceeded inlet concentration. When a negative 
value occurred, a value of zero was used in determining average, standard deviation, and 
confidence intervals. 
100 indicates that the metal was not detected or was not detected at a level greater than the 
field blank in the outlet stream. 
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TABLE VI-3. REMOVAL EFFICIENCIES OF SNRB” FOR METALS 

Removal Efficiencv (nercent) 

Metal 

Mercury 
Chromium 
Cadmium 
Nickel 
Barium 
Cobalt 
Manganese 
Vanadium 
Beryllium 
Arsenic 
Lead 
Antimony 
Selenium 

95% 
Standard Confidence 

4127193 4129193 4130193 Average Deviation Interval (*) 

-123.8(‘) -75.7 -33.8 -11.8 NC NC 
loo@) 95.1 100 98.4 2.83 1.03 
94.4 5.8 98.2 66.2 52.28 129.89 

98.99 26.4 100 15.1 42.20 104.85 
100 99.95 loo 99.98 0.03 0.01 
100 92.5 100 91.5 4.33 10.16 
100 99.33 99.98 99.11 0.38 0.95 
loo loo 100 100 0 0 
loo loo 100 100 0 0 

NS(d, 99.12 99.95 99.53 NC”) NC 
NS 99.03 loo 99.51 NC NC 
NS 19.6 100 89.8 NC NC 
NS 100 100 100 NC NC 

(a) 

(b) 

A negative value indicates outlet concentration exceeded inlet concentration. When a negative 
value occurred, a value of zero was used in determining average, standard deviation, and 
confidence intervals. 
100 indicates that the metal was not detected or was not detected at a level greater than the 
field blank in the outlet stream. 
NS indicates no sample data. 
NC indicates not calculated because only two data points or because the result would not be 
meaninghil. 
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Table VI-4 reports removal efficiencies through the ESP and SNRB” process 

for fluoride and chloride. The data indicate that the ESP did not remove any fluoride or 

chloride, and the outlet concentrations were measured to be greater than the inlet 

concentrations. The SW”” process removed 84 percent of the fluoride and 96 percent of 

the chloride. 
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VII. DATA EVALUATION 

The boiler and SNRB”’ system were operated within the allowable range of 

parameters (Tables II-2 and 11-3) except ammonia feed rate for the test. Selected operating 

parameters are summarized in Tables VII-l to VII-3. Daily averages were computed from 

readings taken at half-hour intervals for the boiler and half-hour intervals on the first day and 

45-minute intervals on succeeding days for the SNRB”’ system. Process data sheets, with 

individual data for the selected parameters presented in Tables VII-l to VII-3 and other 

parameters, are presented in Appendix F. 

For the boiler, the daily average generation rate ranged between 150.7 and 

152.5 MW, with a maximum daily standard deviation of 2.8 MW. The daily average steam 

generation rates ranged between 1.128 and 1.139 x lo6 pounds of steam per hour. The daily 

average excess oxygen ranged between 3.23 and 3.55 percent. 

Average measured flue gas conditions at the five flue gas sampling locations 

are listed in Table VII-4. The standard deviations are shown in parentheses. Measured flue 

gas temperature, moisture, and flow during metals and SVGC sampling are quite uniform. 

Greater variation relative to the mean is seen in the mass loading data. 

The ESP also operated at essentially steady-state conditions throughout the test 

as evidenced by periodic measurements of voltages and currents. 

The only problem that was encountered with the boiler system during the test 

was numerous times that a pin on a mill was sheared disrupting the coal feed rate. When 

this occurred, a pulverizer was taken out of service temporarily, and the unit load dropped a 

little. When a pulverizer was taken out of service, sampling was suspended until about five 

minutes after the pulverixer was returned to service. This usually was less than an hour in 

duration. Some of these events are attributed to the wetness of the coal during the test. 

Heavy rain occurred the night before the first day of sampling. 
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TABLE VII-l. PROCESS DATA FOR THE BOILER@) 

Test Date 
Generation Steam Generation 
Rate (MW) Rate (lOE3 lbihr) 

Excess Oxygen 
(percent) 

Coal Feed Rate 
(tonihr)@) 

4126 151.7 1128.6 3.4 63.1 
(0.90) (5.6) (0.33) 

4127 152.5 1139.1 3.45 63.1 
(0.63) (7.2) (0.36) 

4129 151.1 1133.2 3.5 63.1 
(2.32) (22.0) (0.11) 

4130 151 1130.9 3.23 63.1 
(2.75) (15.1) (0.47) 

5101 151.2 1128.6 3.55 63.1 
(1.51) (8.5) ww 

5102 150.7 1127.6 3.43 63.1 
(0.W 03.6) (0.54) 

(a) Values given are averages and standard deviations (in parentheses). 

(b) Average for test period. 
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TABLE VII-2. PROCESS DATA FOR THE SNRB” PROCESS: OPERATING CONDITIONS”’ 

Test 
Date 

Excess Oxygen (%) 

SNRB” Baghouse 
l&t Ink 

Baghouse 
outlet 

Feed Rate (lb/hr) 

Sorbent Ammonia 

4126 4.51 4.41 5.75 416 9*0 

(0.35) (0.21) (0.36) 

4127 4.55 4.45 450 9.5* 
(0.55) (0.36) 

4129 4.35 4.12 5.35 9.48 
(0.25) (0.23) (0.22) (0.5) 

4130 5.52 458 
(0.20) (8.3) 

5101 4.65 4.45 5.61 451 
(0.21) (0.16) (0.16) (23 

5102 4.65 4.07 5.55 
(0.12) (0.16) (0.20) 

(a) Values given are averages and standard deviations (in parentheses). 

471 
(8.2) 

(b) Asterisk indicates the value of the parameter was outside of the expected value for SNRB” 
operation (given in Table 11-2). This results from the higher than expected baghouse inlet NO, 
concentration (se-e Table VII-3). 
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TABLE VII-4. AVERAGE FLUE GAS CONDITIONS AT LOCATIONS 2,5,7, 10, 12 

Location 
Temperature Moisture 
(“F) (%) 

Particulate 
Loading 

(mg/dscm) 
Flow Bate 

Ws) 

2 639 (4) 8.3 (1.8) 8,500 (1,760) 13.2 (0.4) 

5 865 (8) 8.6 (0.6) 19,800 (5,380) 14.5 (1.1) 

7 793 (3) 7.1 (1.5) 23 (9)(a) 16.0 (0.8) 

10 317 (0.8) 7.9 (0.4) 8,980 (774) 23.2 (0.6) 

12 321 (3) 7.7 (0.3) 52 (13) 23.8 (0.4) 

(a) One of three runs does not have a filter weight included (see Table III-2). 
(b) Numbers in parentheses are standard deviations. 
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The SNRB”’ system operated steadily throughout the test. Data on excess 

oxygen, feed rates of sorbent and ammonia, and SOa and NO, concentrations are listed in 

Tables VII-2 and VII-3. Daily average SOa concentrations at the SNRB- inlet and baghouse 

outlet ranged from 2,252 to 2,525 ppm and from 206 to 296 ppm, respectively. Daily 

average NO, levels at the SNRB’” inlet and baghouse outlet ranged from 476 to 524 ppm and 

from 29 to 42 ppm, respectively. Although NO, and SO, were not measured at the ESP, the 

SNRB” inlet numbers may be used as approximate values for the FSP inlet. 

B. hDlDk2 -‘bBSDI& 

Method Modiications 

In this section, modifications to sampling procedures are described which were 

deliberately made to improve the quality of the measurements. In most cases, the 

modifications were made to avoid vertical flue gas sampling (which would have been very 

difficult at the different locations) or to eliminate or minimize problems due to high flue gas 

temperature, high dust loading, or high SOa concentration. Deviations formally documented 

in the course of the project are provided in Appendix G. 

Method 29 - Trace Metals. EPA Method 29 (draft June 1992) was used to 

collect samples for determination of trace metals in the flue gas. Quartz or borosilicate glass 

one-piece probe/nozzle assemblies were used at all locations except as noted below. Several 

modifications to the standard sampling procedures were necessary for SNRE3”’ air toxics 

monitoring. These included: 

. SNRB” inlet (Location 2), baghouse inlet (Location 5), and the ESP 
inlet (Location 10). A glass cyclone preceding the filter was used to 
reduce filter plugging due to the high particulate loading at these 
locations. 

. SNRB”’ inlet (Location 2), baghouse inlet (Location 5), and the SW”’ 
outlet (Location 7). Flexible, heated, Teflon sample lines were used to 
connect the probes to the heated filter box to eliminate the need for 
vertical sampling imposed by the sample port configuration. These 
lines were less than 10 feet long. A thermocouple was inserted under 
the heating sheath to monitor and control line temperature. 
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. SNRB”’ inlet (Location 2), baghouse inlet (Location 5), and the SNRB- 
outlet (Location 7). An air-cooled probe was used because the very 
high flue gas temperature at these locations -- in excess of 650°F -- 
would exceed the working temperature of the flexible Teflon sample 
lines and Teflon filter. 

. HSP outlet (Location 12). A Teflon probe liner was used instead of 
quartz or glass because the length of the probe would have resulted in 
frequent breakage. A quartz nozzle attached with Teflon fittings was 
used. 

. SNRH’” inlet (Location 2), baghouse inlet (Location 5), ESP inlet 
(Location lo), and ESP outlet (Location 12). The volume of 
HNOsIHaO, solution in impingers 2 and 3 was increased to 500 mL 
each to prevent depletion due to the high SOa concentration in the flue 
w. 

. An acetone rinse of the probe, cyclone, filter housing, and connecting 
“front half” glassware was performed and recovered separately with the 
filter. 

Method 26A - HCl. HF. Particulate Matter. and Radionuclid@. EPA 

Method 26A (40 CFR 60, Appendix A, revised December 31, 1992) was used to collect 

samples for determination of HCl, HP, particulate matter, and radionuclides. The following 

modifications to sampling procedures were made: 

. SNRR”’ inlet (Location 2), baghouse inlet (Location 5), and the ESP 
inlet (Location 10). A glass cyclone preceding the filter was used to 
reduce filter plugging due to the high particulate loading at these 
locations. 

. SNRB”” inlet (Location 2), baghouse inlet (Location 5), and the SNRB”’ 
outlet (Location 7). Flexible, heated, Teflon sample lines were used to 
connect the probes to the heated filter box to eliminate the need for 
vertical sampling imposed by the sample port configuration. These 
lines were less than 10 feet long. A thermocouple was inserted under 
the heating sheath to monitor and control line temperature. 

. SNRB’” inlet (Location 2), baghouse inlet (Location 5), and the SNRB”’ 
outlet (Location 7). An air-cooled probe was used because the very 
high flue gas temperature at these locations -- in excess of 650°F -- 
would otherwise exceed the working temperature of the flexible Teflon 
sample lines and Teflon filter. 
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. ESP outlet (Location 12). A Teflon probe liner was used instead of 
quartz or glass because the length of the probe would have resulted in 
frequent breakage. A quartz nozzle attached with Teflon fittings was 
Used. 

. The normality of the NaOH solution in impingers 3 and 4 was 
increased to 0.5N. The volume of solution was maintained at 100 mL. 

. An additional impinger containing 200 mL of 10 percent HaOa solution 
was added prior to the silica gel impinger to remove S0,,/H2S04 and 
minim& corrosion of the sampling equipment. 

. An acetone rinse of the probe, cyclone, filter housing, and connecting 
“front half’ glassware was performed and recovered separately with the 
filter to enable particulate loading determination (allowed in the 
method, except at the baghouse inlet (Location 5). 

. At the baghouse inlet (Location 5), samples were collected non- 
isokinetically with the nozzle pointed downstream to minimize buildup 
of particulate matter on the filter. This was done to reduce the 
potential for removal of HCl on the filter due to buildup of lime. 

M - h ion elides. At Location 5 only, a 

separate sample train was used to sample isokinetically for particulate matter and 

radionuclides using EPA Method 5 procedures. 

M EPA Method 0010 fi&. 1 12 - 

(SW-846) and EPA Method 23 (40 CFR 60, Appendix A, December 31, 1992) were used for 

determination of semivolatile organic compounds including dioxins and furans. The general 

procedures of Method 0010 were applied with modifications to incorporate quality 

assurance/quality control, and sample recovery procedures of Method 23. Modifications to 

the published sampling procedures included: 

. SNRFY inlet (Location 2), baghouse inlet (Location 5), and the ESP 
inlet (Location 10). A glass cyclone preceding the filter was used to 
reduce filter plugging due to the high particulate loading anticipated at 
these locations. 
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. SNRB’” inlet (Location 2), baghouse inlet (Location 5), and the SNRB”’ 
outlet (Location 7). Flexible, heated, Teflon sample lines were used to 
connect the probes to the heated filter box to eliminate the need for 
vertical sampling imposed by the sample port configuration. These 
lines were less than 10 feet long. A thermocouple was inserted under 
the heating sheath to monitor and control line temperature. 

. SNRB” inlet (Location 2), baghouse inlet (Location 5), and the SNRB”” 
outlet (Location 7). An air-cooled probe was used because the very 
high flue gas temperature at these locations -- in excess of 650°F -- 
would otherwise exceed the working temperature of the flexible Teflon 
sample lines and Teflon filter. 

. ESP outlet (Location 12). A Teflon probe liner was used instead of 
quartz or glass because the length of the probe would have resulted in 
frequent breakage. A quartz nozzle attached with Teflon fittings was 
Used. 

. An additional impinger containing 200 mL of 10 percent H,O, solution 
was added prior to the silica gel impinger to minimize downtime due to 
sampling equipment SOa/H2S04 corrosion. 

Method 0011 - Formaldehvde. EPA Method 0011 (June 26, 1990) was used 

to collect samples for determination of formaldehyde. The sample train did not employ a 

filter prior to the impingers. The following modifications to the published sampling 

procedures were made: 

. SW inlet (Location 2), baghouse inlet (Location 5), and the ESP 
inlet (Location 10). A glass cyclone preceding the empty filter housing 
was used to collect particulate matter. 

. SNRB’” inlet (Location 2), baghouse inlet (Location 5), and the SNRB”’ 
outlet (Location 7). Flexible, heated, Teflon sample lines were used to 
connect the probes to the heated filter box to eliminate the need for 
vertical sampling imposed by the sample port configuration. These 
lines were less than 10 feet long. A thermocouple was inserted under 
the heating sheath to monitor and control line temperature. 

. SW”’ inlet (Location 2), baghouse inlet (Location 5), and the SNRB= 
outlet (Location 7). An air-cooled probe was used because the very 
high flue gas temperature at these locations -- in excess of 650°F -- 
would otherwise exceed the working temperature of the flexible Teflon 
sample lines and Teflon filter. 
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. ESP outlet (Location 12). A Teflon probe liner was used instead of 
quartz or glass because the length of the probe would have resulted in 
frequent breakage. A quartz nozzle attached with Teflon fittings was 
Used. 

. An additional impinger containing 200 mL of 10 percent H,O, solution 
was added prior to the silica gel impinger to remove SOs/HaS04 and 
minimize corrosion of the sampling equipment. 

Method 18 - Gaseous OrPanic CornDow&. EPA Method 18 (40 CFR 60, 
Appendix A, February 13, 1991) was used to collect samples for determination of gaseous 

organic compounds. Tedlar bags (15-L) were filled over a 30-minute period using a lung 

sampler system. No modifications to the published sampling procedures were made. 

Particle Size - Series Cvclones. A 5-stage series cyclone sampler design 

developed at Southern Research Institute was used to determine the particle size distribution 

in the flue gas at the SNRR’” baghouse inlet (Location 5) and the ESP inlet (Location 10). 

Sampling procedures followed the manufacturer’s instruction manual. Samples were 

collected isokinetically from a single representative sampling point in the ducts. 

Particle Size - Cawade Inmm. Andersen Mark III cascade impactors 

were used to determine particle size distribution in the flue gas at the SNRB” baghouse 

outlet (Location 7) and the ESP outlet (Location 12). Sampling procedures followed 

procedures outlined in “Procedures for Cascade Impactor Calibration and Operation in 

Process Streams” @PA 600/2-77-004). Reeve-Angel filter substrates were used to avoid 

sulfate interference in the measurements. Samples were collected isokinetically at a single 

representative sampling point in the ducts. 

Process Solids Sampling. Samples of solids entering and leaving the process 

were collected following procedures outlined in SW-846 and ASMH Performance Test Code 

2. No major modifications were necessary. 
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Samoline Considerations 

The following discussion summarizes events or conditions encountered at each 

sampling location as they influence the potential quality of the data. A common problem to 

all of the high temperature flue gas sampling locations was frequent plugging of the Method 

29 train filters. This is believed to be due to partial melting of the Teflon filter substrates. 

The impact of this on the data is that frequent filter changes were required, resulting in 

extension of the testing periods and decreased overlap in the sampling period with other 

measurements. Also, it meant that more than one filter had to be handled in the field and 

laboratory for the time period of sampling. This is not expected to influence the data 

significantly. 

J.,ocation 1 - Coal Feed. Pulverized coal samples were collected by Burger 

plant personnel using the International Standards Organization (ISO) rotary probe method 

(IS0 Draft Standard ISOITC27ISC 4/WG 3NlO). Ten out of a total of 20 burner pipes were 

sampled, and the samples were cornposited. No problems were encountered with the 

collection of these samples. 

Location 2 - Flue GaslSNRB” Inlet. 

. Silicon grease was mistakenly applied to the Method 29 sampling tram 
of Run 2 by the operator to overcome leak problems. This may have 
caused contamination of the sample with silicon, an interferant in 
sample analysis. The amount of contamination is believed to be small 
because the grease was observed upon breakdown of the train by the 
recovery team and efforts to minimixe contamination were employed. 

. Condensate was observed in the sample line and rotameter of the 
Method 18 run of April 29 (Run 1). This may have resulted in loss of 
some of the soluble gaseous organic compounds from the sample. 

. Part of the probe rinse of the Method 0010123 train was mixed with the 
probe rinse for the SNRB”’ baghouse inlet (Location 5) due to a sample 
recovery error in Run 2. After concurrence with B&W, this combined 
rinse (Sample No. 156408) was not analyxed but was placed in archival 
storage. The impact of this error on the sample results cannot be 
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determined absolutely, although a low bias in the results for this 
location would be expected if any. 

Location 3 - Sorbent Feed. No problems were encountered. 

location. 

Location 4 - Ammonia Feed. No sampling activities were planned at this 

Location 5 - Flue GaslBaghouse Inlet. 

. Condensate was observed in the sample line and rotameter of the 
Method 18 run of April 29 (Run 1). This may have resulted in loss of 
some of the soluble gaseous organic compounds from the sample. 

. Part of the probe rinse of the Method 0010123 tram from the SNRB” 
inlet (Location 2) was mixed with the probe rinse for this location due 
to a sample recovery error in Run 2. After concurrence with B&W, 
this combined rinse (Sample No. 156408) was not analyzed but was 
placed in archival storage. The impact of this error on the sample 
results cannot be determined absolutely, although a low bias in the 
results for this location would be expected if any. 

Location 6 - SNIUY Sob&. No problems were encountered. 

&cation 7 - Flue GaslSNRB” Outlet. 

. The filter in the Run 1 Method 29 train was dislodged from the Teflon 
frit. This may have resulted in some particulate matter entering the 
impingers. This is not expected to affect the data since determination 
of solid-gas partitioning was not a project objective and particulate 
matter was not determined with the Method 29 train. 

. The cascade impactor tram of Run 1 appeared to have been backflushed 
slightly. Some sample filters were wet upon recovery. This may bias 
the results slightly. Since the particulate loading is very low and few 
large particles are expected at this location, the bias is expected to be 
towards the smaller particles rather than the larger. 
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. A bag leak may have developed during the Method 18 run on April 29 
(Run 1). This may have diluted the sample with ambient air. 
Assuming that ambient concentrations of target substances are 
negligible, this is expected to cause dilution of the sample only and 
measured concentrations would be less than actual. 

. For mercury speciation sampling at the SNRIP outlet, the samples 
showed oxidized mercury breakthrough into the second soda lime trap 
(backup trap). Breakthrough may have occurred because of the 
unusually high flue gas sampling temperatures (825°F). The elevated 
temperature may result in elevated sorbent temperatures for the first 
two traps (soda lime), which emend into the flue gas (ref 3). The traps 
should be maintained at 212-248°F. Elevated sorbent temperatures can 
cause the analyte to migrate. Thus, for the SNRB= results, the 
oxidixed forms of mercury should be considered suspect (possible 
minimum values). The value for total mercury is not affected by the 
sorbent breakthrough. 

Location 8 - Bottom Ash. No problems were encountered. 

wtion 9 - ESP Ash. No problems were encountered. 

Location 10 - Flue GasllLSP Inlet. 

. Sampling could not be performed through two of the five sampling 
ports due to interferences preventing the long sampling probe to be 
inserted. Sampling was performed at 8 points through each of the 3 
ports for a total of 24 points. This may bias solid-phase results if the 
composition or concentration of dust in the duct is not uniformly 
distributed. The possible magnitude of the bias cannot be determined. 
It may also bias the gas-phase results; however, since this location is 
relatively far downstream, the magnitude of the bias is probably small 
after accounting for dilution. 

. The Method 29 sample trains for Runs 1 and 2 were slightly 
backflushed, causing some of the condensate from the first impinger to 
enter the filter housing. The other impingers did not appear affected. 
No impact on data quality is expected because the amount of 
condensate involved was minimal. 

. The Method 0011 sample trains for Runs 1 and 2 were backflushed 
slightly, causing some of the DNPH solution to enter the filter housing. 
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Location 11 - Collected Plv Ash. No problems were encountered. 

Lmation 12 - Flue GaslEsP Outlet. 

. Condensate was observed in the sample line and rotameter of the 
Method 18 run of April 27 (Run 1). This may have resulted in loss of 
some of the soluble gaseous organic compounds from the sample. 

. The Method 0010/23 train was backflushed during a leak check 
between sample ports on May 1 (Run 3). 

Isokinetic Summa&q 

Calculations were performed to document the extent to which isokinetic was 

conducted as called for in the QAPP. The results of these calculations are shown in Table 

VII-5. Perfect isokinetic sampling would be 100 percent. 

Field Sam~lh Audit 

An audit of the field sampling activities conducted by JZHR was performed by 

Mr. William Baytos of Rattelle as an independent check of field sampling procedures. No 

major findings were observed in this audit. The report from this audit is provided in 

Appendix H. 

C. hboratorv Assessment 

Summaries of the quality control data reported and precision and accuracy 

results are provided in Tables VII-6 and VII-7, respectively. Laboratory deviations formally 

documented during the course of the study are presented in Appendix G. 
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TABLE VII-5. ISOKINETIC SUMMARIES 

Sample Train/Run Test Date Location 2 Location 5 Location 7 Location 10 Location 12 

svoc-1 4126193 101.88 101.24 96.03 100.28 100.97 
svoc-2 4128193 104.03 97.29 101.22 101.11 101.77 
svoc-3 5/l 193 97.33 100.91 101.42 97.00 100.12 

Metals-1 4127193 107.30 101.04 100.77 99.63 97.87 
Metals-2 4129193 106.13 100.02 97.89 100.77 101.13 
Metals-3 4130193 103.47 103.39 99.51 93.02 101.50 

HWPART-1 4126193 102.12 - 100.64 96.07 101.58 
HCYPART-2 5/l 193 103.42 - 103.95 99.90 102.98 
HCI/PART-3 512193 100.89 - 100.16 96.23 98.32 

PART-1 (a) 4126193 - 105.21 - 
PART-2 511193 - 100.77 - 
PART-3 5/Z/93 - 96.30 - 

formaldehyde-l 4126193 103.12 106.72 91.99 97.89 99.37 
Formaldehyde-2 512193 - 97.39 99.58 95.51 

(a) The Method 5 train was used to collect particulate matter only at Location 5 
instead of a Method 26A IHCllparticleb train. 
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TABLE VII-7. SUMMARY OF PRECISION AND ACCURACY RESULTS 

Accuracy 
Target 

Anal@ Class/ HW Objective Actual (a] 
Sample Matrix Measured 1%) (%) 

Metals in Gas Samples Spike 
by ICP-AES Recovery 

Chromium 75-125 9a106 
Cadmium 75-125 105 

Nickel 75-125 99-106 
Barium 75125 96-103 
coben 75-125 9a103 

Manganese 75-125 95103 
Vanadium 75-125 93-99 
Beryllium 76125 95103 

Metals in Solid Samples Spike 
by ICP-A&S Recovery 

Chromium 75-125 go,97 
Cadmium 75-125 03. 00 

Nickel 75-125 04.00 
Barium 75-125 77.62 
Cobalt 75-125 01.104 

Manganese 76-125 01, 05 
Vanadium 75125 70, 04 
Beryllium 75-125 62,67 

Metals in Gas Samples Spike 
by GF-AAS Recovery 

Arsenic 75-425 74-109 
Selenium 75-125 72-110 

Lead 75-125 78116 
Antimony 75-125 77.101 

Metals in Solid Samples Spike 
by. GF-AAS Racovery 

Arsenic 75125 78107 
Selenium 75-125 94-106 

Lead 75-125 64-120 
Antimony 75125 07-109 

Precision 
Target 

HoW Objective Actual (a) 
Measured (%) (%) 

RPD of 
Duplicate 
Samples 40 0.09, 0 

40 0, 5 
Cl0 0.7. 46 (b) 
<IO 1, 39 (b) 
Cl0 10, 45(b) 
Cl0 0.1, 6 
Cl0 0, 21 
Cl0 2, 5 

RPD of 
Duplicate 
Samples 40 1, 3 

<IO 10, 2 
40 9, 2 
40 0. 2 
<IO 2, 9 
40 2.9 
40 2, I 
40 0.7, 1 

RPO 01 
Duplicate 
Samples 40 5.3 - 21 (c) 

40 0.9 - 22 
<IO 6-19 
Cl0 10.23 

RPD of 
Duplicate 
Samples 40 II,17 

40 2.4 - 90 
<IO 2.6 
<IO 7. 29 

(a) Except where indicated, range represents range of results for multiple samples, two numbers 
separated by comma represents results for two samples, and single number represents result 
for single sample. 

(b) Resun for sample with concentrations at or below detection limit 
(c) Excludes outliers of 3000, 176. and 65% RPD tar three samples with concentrations at or 

below detection IimK 
(d) Outlier of 34 percent not included. 
(e) Results fall within acceptable concentration range for SRM. 
(t) Accuracy and precision results tar PAH and dioxinrlfurans are averages of multiple sample results 
(g) PAH results within parentheses are averages excluding samples with poor extraction efficiency 

due to high particulate loading. 
(h) Dioxinlfuran average results exclude samples with poor extraction efficiency due to high 

particulate loading. 
(i) NA = Not applicable since analytes not detected in samples. 
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TABLE VII-7. (Continued) 

Analyte Clad 
Sample Matrtx 
Mercury in Gas Samples 
by CV-AAS 

Accuracy 
Target 

How Objective Actual (a 
Measured (%) (%) 

Spike 75125 90-120 (d) 
Recovery 

Mercury in Solid Samples Spike 75125 100-196 
by CV-AA.9 Recovery 

ChlorldeEluorlde in SRM 
Gas Samples by IC Recovery 

Chloride 75125 
Fluoride 75125 I’I e 

RPD of 
Duplicate 
Samples 

Chloride/Fluoride in Spike 
SoIll Samples by IC Recovery 

Chloride 75125 105 
Fluoride 75125 97 

RPD of 
Duplicate 
Samples 

PAR in Gas Samples Spike RSD of 
by GC/MS Q Recovery Replicate 
dl2-Benzo(k)fluomnthene 5rb120 55 W) (0) Spike 

dl2-Senao(e)pyrene 50-120 55 m (0) ?ecoveries 

Precision 
Target 

Hew Objective Actual (c 
Measured (%) (%) 

RPD of 40 o-33 
Dupiicate 
Samples 

RPD of Cl0 o-5 
Duplicate 
Samples 

Cl0 2.8 
40 2.0 

40 9.5 
Cl0 3.9 

40 
<30 

(a) Except where indicated, mnge represents range of results for muttiple samples, two numbers 
sepamted by comma represents results for two samples, and single number represents result 
for single sample. 

(b) Result for sample with concentrations at or below detection limit 
(c) Excludes outliers of 3000. 176. and 65% RPD for three samples with concentrations at or 

below detection limit 
(d) Outlier of 34 percent not included. 
(e) Results fall within acceptable concentration range for SRM. 
(f) Accumcy and precision resuits for PAR and dioxtns/fumns are avemges of multiple sample results. 
(g) PAH results within parentheses are avenges excluding samples with poor extraction efficiency 

due to high particulate loading. 
(h) Dioxltiumn average results exclude samples with poor extraction efficiency due to high 

particulate loading. 
(i) NA = Not applicable since analytes not detected In samples. 
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TABLE VII-7. (Continued) 

I Accumcy 
Tamet 

nalyte Claspl lieu Objecttve Actual (’ 
ample Matrtx Measured (%) (%) 
~iozdnslfumns in Gas Spike 
Samples by GC/MS (f,h) Recovery 

237ETCDDl3C12 40-120 S 
1237BPeCDD-13Cl2 40.120 8 

123478HxCDDl3Cl2 40-120 7 
12367~HxCDD13Cl2 40.120 a 

123467%HpCDDl3C12 40.120 7 
OCDDl3Cl2 4&120 5 

237%TCDF-13Cl2 40-120 7 
1237sPaCDF-13Cl2 4&120 5 
2347&PaCDF-13C12 40.120 6 

12347&HxCDF-13Cl2 40-120 3 
12367~HxCDF-13Cl2 40-120 4 
123786+ixCDF-13C12 40-120 6 
234678+ixCDF-13Cl2 40-120 6 

123467BHpCDF-13Cl2 40-120 5 
1234764-HpCDF-13Cl2 40-120 5 

237kTCDD37Cl4 40-120 9 

:arbonylr in Gas Sampler Spike 
y HPLC Recoveries 

Formaldehyde 60-120 114-122 
Acataldehyde act120 690 

Propionaldehyde 80-120 89-95 
Crotonaldehyde 8&120 92-99 

Butyraldehyde 8&120 M-91 
Benzaldehyde W-120 110-133 

Precision 
Target 

HoW Objective Actual (a 
Measured (%) (%) 

RSD of 
Replicate 

Spike c40 
*ecoverles 40 : 

<40 2 
<40 2 
40 
<40 : 
<40 
40 ;: 
40 2 
c40 0 
40 7: 
<40 1, 
40 1’ 
<40 3: 
40 2 
40 

RSD of 
Triplicate 
Samplas 40 NA (i) 

a0 NA 
Cl0 NA 
40 NA 
40 NA 
40 NA 

(a) Except where indicated, range represenk range of resutts for multiple samples, two numbers 
separated by comma represents resuits for two samples, and single number represents resuit 
for single sample. 

(b) Resutt for sample wtth concentmtions at or below detection limit 
(c) Excludes outliers of 3000, 176, and 65% RPD for three samples with concentrstions at or 

below detection limit .,~ 
(d) Outlier of 34 percent not included. 
(e) Results fall within acceptable concentration mnge for SRM. 
(f) Accuracy and precision resutts for PAH and dloxinsIfumns are averages of multiple sample results. 
(g) PAH result0 within parentheses are averages excluding samples with poor extraction efficiency 

due to high particulate loading. 
(h) Dioxinrfuran average resuks exclude samples with poor extraction efficiency due to high 

particulate loading. 
(i) NA = Not appticabte since analytes not detedsd in samples. 
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TABLE VII-7. (Continued) 

nalyte Class/ 
ample Matrix 
OC in Gas Samoles bv 

Accuracy Precision 
Target Target 

HoW Objective Actual(a) How Objective Actual (a ) 
Measured (%) (W) Measured (%) (%) 

Soike I RPDof 
C/MS ’ . Recoveries 

trtchlorofluoromethane 
1,ldichloroethene 

dichloromethane 
3-chloropropane 

1,1,2-trichlor~l.2,2-trt- 
fluoroethane 

1,ldichloroethane 
cir+l,Zdichloroethene 

trtchlommethane 
1,2dichloroethane 

l,l.l-trtchloroethane 
benzene 

carbon tetrachloride 
1,Zdichlompropane 

trichloroethene 
ck-1.3dichloropmpene 

mns-1.3dichloropropene 
1,l .Z-trtchloroethane 

toluene 
1 ,Zdibromoethane 

tetmchloroethene 
chlorobenzene 

ethylkruene 
m+pxylene 

styrene 
I,l.2.2-tetmchloroethane 

o-xylene 
4-sthyl toluene 

1,3,5trimethytbenzene 
1.2,4-trtmethylbenzene 

beruyl chloride 
mdichlorobsruene 
pdichlomberuene 
odichloroberizene 

1.2.4-trichloroberuene 
hexachlombukdiene 

E&120 
e&120 
60-120 
60-120 
80-120 

Duplicate 
90 Samples 
6.9 
86 

106 
00 

w-120 93 
80-120 95 
E&120 93 
60-120 92 
60-120 07 
60-120 03 
60-120 96 
60-120 07 
60-120 94 
60-120 65 
60-120 62 
60-120 60 
60-120 77 
w-120 66 
60-120 66 
60-120 98 
w-120 70 
60-120 65 
60-120 69 
60-120 75 
w-120 74 
8&120 119 
w-120 119 
60-120 63 
60-120 41 
60-120 61 
80120 91 
60-120 68 
80-120 35 
60-120 39 

40 
40 
40 
MO 
40 

<lo 
40 
40 
40 
40 
40 
40 
40 
40 
40 
Cl0 
Cl0 
<lo 
-=I0 
Cl0 
40 
Cl0 
Cl0 
Cl0 
Cl0 
40 
40 
40 
<lo 
Cl0 
40 
40 
40 
Cl0 
Cl0 

12.2 
9.5 

16.4 
10.6 
5.5 

12.2 
40.7 
13.9 
2.9 
2.0 

12.9 
11.6 
10.3 

3.3 
16.4 
18.0 
9.3 
4.1 
9.1 
1.6 
1.2 

49.4 
20.7 
10.7 
9.7 
2.7 

50.1 
12.0 
26.2 
51.2 
70.1 
31.1 
31.1 

4.3 
6.4 

(a) Except where indicated, range represents range of results for muitiple samples, two numbers 
separated by comma represents resuik for two samples, and single number represents rssUlt 
for single sample. 

(b) Result for sample with concentrations at or below detedion limit 
(c) Excludes outliers of 3000. 176. and 65% RPD for three samples with concentrations at or 

below detection limit. 
(d) Outlier of 34 percent not included. 
(e) Resulk fall within acceptable concentration range for SRM. 
(f) Accuracy and precision resuits for PAR and dloxtns/fumns are averages of multiple sample results. 
(g) PAR results within parentheses are averages excluding samples with poor extraction efficiency 

due to high particulate loading. 
(h) Dioxinlfumn average results exclude samples wtth poor extmdion efficiency due to high 

particulate loading. 
(i) NA = Not applicable since analytes not detected in samples. 
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1. Trace Elements 

QAPP and Method Deviations 

Alterations to Method 29 for gas emission samples, to SW-846 Methods 7000, 

7470, 7471, and 6010 for solid samples, and to procedures specified in the QAPP include the 

following: 

. NIST standard reference material 1632b Coal Ash was not analyzed as 
a quality control sample because this SRM was not available from 
NIST at the time sample analyses were conducted. 

. In digesting Method 29 samples in preparation for analysis by GF- 
AAS, perchloric acid was not used as noted in the QAPP. Method 29 
only indicates use of nitric acid during the sample digestion. No 
impact is anticipated because perchloric acid is generally used for 
decomposition of organics and no significant concentration of organics 
is thought to be present in the impinger solutions. Digestion with nitric 
and hydrofluoric acids is expected to be sufficient for digestion of these 
samples. 

. The fourth impinger rinse, permaganate impinger solutions, and 8N 
HCl rinse of the permaganate impingers were combined in preparation 
for mercury determination. A 10 mL aliquot was removed after 
recording the combined sample volume, and prepared according to EPA 
SW-846 Method 7470 for mercury analysis. 

. EPA SW-846 Method 7470 for cold vapor atomic absorption 
spectrometry (CV-AAS) analysis of mercury does not make mention of 
the use of silver amalgamation which was used as an enhancement to 
the cold vapor method, however the analysis of samples for mercury 
followed Method 7470 in all other technical ways. Incorporation of the 
silver wool amalgamation improves overall method sensitivity and is 
expected to have no negative effect on the analytical outcome. 

. Cadmium was analyxed by ICP-AES instead of GF-AAS as noted in the 
QAPP. The levels of cadmium in the Method 29 gas emission samples 
and solid process samples originally measured with GF-AAS were 
considered to be too high for the GF-AAS instrument, and the analysis 
was therefore performed by ICP-AFS which exhibits sufficient 
sensitivity for Cd for this analysis. 
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. Preparation of the front half Method 29 samples (filter and probe 
rinses) was complicated by the wide variation in filter catch weights 
collected for the various trains. Very large amounts of filter catch 
(>25 grams) for several trains yielded a large final volume of the 
respective digestate. These larger volumes caused a significant 
difference between the volume originally used to calculate expected 
detection limits (450 mL) and what were actually generated resulting in 
an overall apparent increase in the final method detection limit. In 
addition, the matrix varied significantly between those samples with 
relatively little catch and those with relatively large amounts of catch. 
This complicated the analysis by preventing a closer match between the 
matrix used for instrument calibration and the actual sample matrix. 

. The composited front half Method 29 sample from Run 1 at Location 7 
(SNRB” outlet) was lost during laboratory preparation. The total 
metals result from that particular train will be low by not being able to 
include the front half contribution. 

. During preparation of the front half from the Method 29 samples, the 
filter field reagent blank, acetone field reagent blank, and 0. 1N HNO, 
field reagent blank were. inadvertently combined with the laboratory 
acid blank. This action prevented the differentiation between the field 
and laboratory blanks for the Method 29 front half analyses. 
Consequently, subtraction of front half reagent blank data from samples 
may not be appropriate-. Manganese. in the front half reagent blank was 
detected at a slightly elevated level for an unknown reason. Likewise, 
the 8N HCl, KMnO4, and 5% HNOs/lO% H20s field reagent blanks 
were combined and analyxed for mercury only as a blank for the 
KMNOd impingers rather than analyxed separately. As a result, data 
for a back half field reagent blank for all elements, excluding mercury, 
are not available. Field reagents were incorporated into the train 
blanks processed with the Method 29 samples. Subtraction of train 
blanks from sample results can correct for background contamination 
introduced by field reagents. The train blanks showed relatively low 
metal concentrations, relative to the samples, indicating that the field 
reagents did not introduce spurious contamination to the samples. 

. Coal analyses were not conducted by Battelle as stated in the QAPP but 
were conducted by Commercial Testing and Engineering Co. (CTE). 

Calibration Data 

The ICP-AES, GF-AAS, and CV-AAS instruments were calibrated before each 

analysis. The matrix of the calibration standards was chosen to match as closely as possible 
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the digestion matrix of the sample. After calibration, and during analysis, initial calibration 

verification (ICV) and continuing calibration verification (CCV) standards were run. The 

percent recovery for the ICV and CCV standards are summarixed in Table VII-8 for ICP- 

AES analysis, Table VII-9 for GF-AAS analysis, and Table VII-10 for CV-AAS analysis. 

Results of the calibration verification for ICP-AES analysis were within the 

QAPP stated guidelines of 100 f 25 percent in most cases. Note that these recoveries 

include correction for the calibration blank results. Instances where particular element 

recoveries fell outside the limit were evaluated on an individual basis. Some recoveries for 

cobalt, nickel, and vanadium were greater than 100 f 25 percent. The 0.05 ppm ICV 

standard is the same standard that was used to calibrate the instrument, and the results from 

the analysis of the 0.05 ppm ICV can be compared to the calculated concentration from the 

regression. By this comparison, recoveries were determined to be within the QAPP stated 

limits, and analysis was resumed. 

The GF-AAS system, a Perk&Elmer Model Zeeman 5000, was standardised 

with a set of 0, 10, 25, 50, 100, or 200 rg/L standard calibration solutions prepared from 

the method blank solutions for three sets of samples -- Method 29 back-half composites 

(BHC), Method 29 front-half composites (FHC), and solid samples. After linear calibration 

was established, the initial calibration verification standards were tested to ensure accuracy 

and precision of the proper functions of the instrument. The bracket standardizations were 

performed to compensate the instrument drift. The samples were also spiked to test the 

recovery as well as to use method of standard addition for matrix correction. Table VII-9 

presents the recoveries of the ICV standard with linear correlation coefficient better than 

0.999. 

Results of the calibration verification for CV-AAS analysis (Table W-10) 

were well within the required 100 f 25 percent objective. 

Accuracy from SRM Analyses 

Standard reference materials (SRM) 267&l (Metals on Filter Media), SRM 

2677a (Beryllium and Arsenic on Filter Media), SRM 1643~ (Trace Elements in Water), and 

SRM 1633a (Trace Elements in Fly Ash) were analyxed to evaluate analytical accuracy. 
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TABLE VII-9. CALIBRATION RESULTS FOR GF-AAS ANALYSIS 

Element Sample(‘,b) 

As BHC 

ICV Standard Concentration 
Concentration(c) Found(d) 

Q@-) WL) 

10 13.2 
25 24.5 
50 47.9 

100 101.7 

Recovery 
(%I 

132 
98 

95.8 
101.7 

FHC-1 

FHC-2 

FHC3 

10 9.95 99.5 
25 25.44 101.8 
50 49.92 99.8 
10 11.1 111 
25 26.5 105.8 
50 52.4 104.9 
75 74.8 99.7 
10 12.9 129 
25 27.3 109 
50 50.9 102 

SLD- 1 

SLD-2 

20 16.2 80.9 
50 48.6 97.1 

100 loo.5 loo.5 
200 198 99 

10 11.6 116 
25 26.6 106 
50 50.9 101.8 
75 78.3 104.4 

100 99.5 99.5 
SLD-3 10 13.4 134 

25 24 96 
50 61.5 122.9 
75 82.6 110.1 

100 110.45 110.5 
200 199.3 99.6 

(a), BHC = Method 29 back-half composite, FHC = Method 29 front-half 
composite, SLD = solid sample. 

(b) Sample identification denotes which sample type the ICV verification is 
associated with and the order of ICV analysis. ’ 

(c) ICV standard was prepared by spiking method blank solutions at stated 
concentrations. 

(d) Concentration found represents average of replicate analyses. 
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TABLE VII-9. (Continued) 

Element Sample(a*b) 

ICV Standard 
Concentration(c) 

WL) 

Concentration 
Founded) 

ocm 
Recovery 
(%) 

Se BHC-1 10 10.1 101 
20 23.4 116.7 
40 42.2 105 
60 59.7 99.5 

BHC-2 25 30.3 121 
50 58.2 116.4 
75 81.4 108.5 

100 105.8 105.8 
150 151.3 100.9 

FHC-1 

FHC-2 

25 
50 
75 

100 
125 
10 
25 
50 
75 

100 
FHC3 10 

25 
50 

25.7 102.8 
53, 106 

78.4 104.5 
103 103 

123.6 98.8 
13 130 

26.8 107 
53 106 
77 102.6 

100.9 100.9 
11.7 117 
27.4 109.8 
50.4 100.7 

Se SLD 25 24.5 98 
50 50 100 

Pb BHC 10 11.6 116 
25 25.8 103 
50 50.6 101 

(a) BHC = Method 29 back-half composite, FHC = Method 29 front-half 
composite, SLD = solid sample. 

(b) Sample identification denotes which sample type the ICV verification is 
associated with and the order of ICV analysis. 

(c) ICV standard was prepared by spiking method blank solutions at stated 
concentrations. 

(d) Concentration found represents average of replicate analyses. 
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TABLE W-9. (Continued) 

Element Sample(*~b) 

ICV Standard 
Concentration(c) 

km 

Concentration 
Found(d) 

cl@-) 
Recovery 
@) 

Pb FHC-1 10 10.5 105 
25 27.2 108.8 
50 51.3 102.5 
75 77.5 103.3 

100 99.6 99.6 

FHC-2 10 11.5 115 
25 26.1 104 
50 51.8 103.6 
75 75.2 100.3 

SLD-1 25 26.2 104.8 
50 51.8 103.5 
80 79.6 99.5 

100 100.9 100.9 
SLD-2 25 26.3 105 

50 53.8 107.6 
80 79.4 99.3 

Sb BHC 10 11.7 117 
20 22 110 
40 40.5 101 
60 61 101.6 

SLD 10 9.25 92.5 
25 24.3 97.2 
50 49.8 99.6 

(a) BHC = Method 29 back-half composite, FHC = Method 29 front-half 
composite, SLD = solid sample. 

(b) Sample identification denotes which sample type the ICV verification is 
associated with and the order of ICV analysis. 

(c) ICV standard was prepared by spiking method blank solutions at stated 
concentrations. 

(d) Concentration found represents average of replicate analyses. 
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TABLE VII-lo. CALIBRATION RESULTS FOR MERCURY CV-AAS ANALYSIS 

Calibration Standard 
Nominal Concentration (pg/aliq) 

Method 29 Front Half 
0.05 
0.025 
0.075 
0.025 
0.075 

Concentration 
Found @g/al@) 

0.0587 
0.0195 
0.073 
0.0221 
0.076 

Percent Recovery 

117 
78 
97 
88 

101 

-29 
0.05 0.0486 97 
0.05 0.0486 97 
0.075 0.0707 94 
0.025 0.0237 95 

Method 29 KMNO, Imoineers 
0.050 
0.075 
0.025 
0.025 

0.0504 101 
0.0718 96 
0.0229 92 
0.0233 93 

Solid 
0.05 0.0486 97 
0.025 0.0229 92 
0.075 0.0786 105 
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Recoveries for ICP-ARS analysis of Zn, Pb, Cd, Mn, As, and Be on SRM 

2676d and 2677a (as shown in Tables VII-11 and VII-12) were within the QAPP limits for 

all instances where the concentration was high enough to be detected by the instrument. 

Recoveries from the ICP-AES analysis of SRM 1643~ (Table VII-13) were 

acceptable except for cobalt. The results from the regression curve for cobalt show an error 

in the calculated concentration for the 0.02 ppm and 0.05 ppm standards of -31 percent/27 

percent (for duplicate analyses) and +20 percent, respectively. The certifkd level of Co in 

SRM 1643~ is approximately equal to the instrument detection limit for Co. The low 

recovery for Co was evaluated on that basis, and since the recoveries for the other elements 

were acceptable, analysis of the rest of the samples was resumed. 

Recoveries from the ICP-AES analysis of SRM 1633a (Table VII-14) were 

acceptable except for cadmium and barium. The error in the cadmium recovery is believed 

to be a result of the low level of cadmium in the matrix and the resulting susceptibility to the 

interelement interference correction. This error is expected to affect all other Cd results at 

levels approaching the detection limit for Cd in this particular matrix. Spike recoveries 

determined separately were, however, acceptable. The error in barium is believed due to an 

extrapolated point beyond the highest standard used for calibration. This was only noticed 

during data review. It is anticipated that this error will not significantly affect sample data 

because actual levels measured in the samples were all below the highest standard used for 

calibration. 

Results from the GF-AAS analysis of SRhI 1633a are presented in Table VII- 

15. Recoveries ranged from 97.9 percent to 103.4 percent for the certified values of As, Pb, 

and Se. The slightly low value of Sb compared with uncertified value indicated antimony 

may be precipitated as antimony oxide during the nitric acid digestion without the presence 

of 10 percent (v/v) concentrated HCl. Further method development in minimization of 

matrix effect might improve recovery in comparison of the uncertified value. 

Difficulty was encountered during CV-AAS analysis of SRM 1633a for 

mercury. Samples which yielded acceptable recoveries for the other elements yielded 

recoveries for mercury ranging from 150 to 200 percent. This result was repeated for nine 
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TABLE VII-l 1. RESULTS FOR ICP-AES ANALYSIS OF SRM 2676d (FILTER) 

Trial 
1 Found 

Certified 

Quantity of Material (pg/filter) 
Zn Pb Cd 

11.2 8.1 1.05 
10.17 7.44 0.97 

Mn 
2.4 

2.09 
% Recovered 110 109 108 115 

2 Found 53.9 14.1 2.9 10.8 
Certified 49.47 14.82 2.81 9.83 
% Recovered 109 95 104 110 

3 Found 108.8 31.9 10.8 21.9 
Certified 99.31 29.77 10.04 19.83 
% Recovered 110 107 108 110 
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TABLE VII-12. RESULTS FOR ICP-AES ANALYSIS OF 
SRM 2677a (FILTER) 

As (pgbilter) Be (fig/filter) 

Level I Found NI-$a) 0.145 
Certified 0.269 0.129 

% Recovered 112 

Level II Found 
Certified 

% Recovered 

3.19(b) 0.72 
2.69 0.643 
119 113 

Level III Found 26.5 2.95 
Certified 26.92 2.58 

46 Recovered 99 114 

Level IV Found 
Certified 

% Recovered 

ND ND 
0.101 0.050 

(a) ND indicates not detected. 

@) Based on single analysis. 
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TABLE VII-1 5. RESULTS FOR GF-AAS ANALYSIS OF SRM 1633a 

Element Given Found 
(/JQlQ) (IJQlQ 

Recovery 
(%) 

AS 145 142 97.9 

Pb 72.4 72.8 100.5 

Se 10.3 10.7 103.4 

(a) Value not certified by NIST - for information only. 
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replicate preparations of the same SRM. Subsequent digestions of the same SRM with 

different acids yielded the same high recoveries. Spikes made in the same digestions yielded 

acceptable recoveries. Efforts to attain a new SRM from NIST were unsuccessful as NIST is 

no longer offering this SRM, and no other similar material would become available within a 

useful time frame. It is thought that either the certified value was incorrect, or the sample 

was otherwise contaminated. 

Results from analysis of SRM 1632a conducted by CTE are presented in the 

data reporting form in Figure VII-l. 

Accuracy from Spike Recoveries 

For ICP-AES analyses, digested samples were spiked at known concentrations 

using a multielement standard. Spike levels ranged from 0.5 ppm and 2 ppm. Spikings 

were performed in both duplicate and single samples. Spiked sample recoveries are provided 

in Table VII-16 for ICP-AFS analysis. The percent recoveries for the spikes were all within 

acceptable limits. 

For GA-AAS analyses, Method 29 back-half composite and front-half 

composite digested samples and solid digested samples were diluted to the proper 

concentration to meet the linear range of absorption by the specific element to be determined 

by graphite furnace atomic absorption (GFAA). The sample test solutions were spiked with 

10, 20, 25 or 50 FglL for the spiked recovery test, as well as for the correction of the 

chemical interference, such as matrix effect, by standard addition. The spiked levels on the 

solid samples were converted to the spiked content in the.original samples in rg/g @pm). 

Repeated measurements for the low concentrations and matrix correction were performed for 

better accuracy and precision. The recovery values given in Table VII-17 meet the target 

quality objective of within k25 percent. 

For CV-AAS analysis, digested samples were spiked with a known 

concentration of mercury and analyzed to evaluate recovery. Results from CV-AAS analysis 

of spiked samples are presented in Table VII-18. The low mercury recovery for a back half 

spiked sample is considered an isolated case and, based on other QC data, is expected not to 

have a significant impact on the data. 
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Figure W-l. Results from Analysis of SRM 1632a Conducted by CTE 
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TABLE VII-17. SPIKE RECOVERY FOR GF-AAS ANALYSIS 

Element Sample 
Spiked Found Recovery 
@g/L or flglgl % 

AS BHC 150804 10 //g/L 7.4 74.4 
BHC 150833 20 21.7 108.6 
BHC 156162 20 19.9 99.7 

FHC RlL12 25 pg/L 28.5 113.8 
FHC R3L12 25 25.3 101.2 
FHC R2L5 25 20.9 83.7 
FHC R2L12 25 26.7 106.8 

SLD 427 ESP Ash 47.4 /Jug/g 47 99 
SLD 427 Bottom Ash 19.3 18.1 94 
SLD 429 Economizer Ash 21.2 18.3 86 
SLD 429 Economizer Ash 21.2 22.7 107 
SLD 429 Bottom Ash 21 18.2 87 
SLD 430 ESP Ash 49.5 46.6 94 
SLD 430 Economizer Ash 22.3 22 98 
SLD 430 Bottom Ash 19.9 15.6 78 

Pb BHC 15084 10 fig/L 8.2 82 
BHC 150833 25 26.7 107 

FHC R3L2 25 pd. 24.8 99 
FHC R3LlO 25 22.3 89 
FHC R3L12 25 28.9 116 
FHC R2L7 25 19.6 78 

SLD 427 ESPA 23.7 pglg 20.9 84 
SLD 430 ESPA 24.8 22 89 
SLD 430 SNRB 2.18 2.13 98 
SLD 430 SNRB 2.18 2.62 120 
SLD 430 BOTM 1.99 2.03 102 

Se BHC 150804 10 i.lgIL 7.2 72 
BHC 150833 20 16.3 82 
BHC 150833 20 21.7 109 
BHC 150833 25 27.1 109 
BHC 150833 50 51.3 103 
BHC 150790 50 49.4 99 
BHC 150790 50 54.8 110 
BHC 150790 50 50.1 100 
BHC 150790 50 49.3 99 
BHC 150804 50 49 98 
BHC 150804 50 52.9 106 

Se BHC 156162 
156162 

50 49.1 98 
BHC 50 51.5 103 
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TABLE VII-17. (Continued) 

Element Sample 
Spiked Found Recovery 

bog/L or m/g) % 

Se FHC RlLlO 25 PglL 24.3 97 
FHC R2LlO 25 22.6 90 
FHC R3L12 25 22.6 90 
FHC R3L2-2 25 22.3 89 
FHC RlL12 25 25.6 102 
FHC RlLl2 25 27.4 110 
FHC R3L7 25 21.3 85 
FHC R3L7 25 43.1 96 

SLD 427 ESPA 9.5 mkl 9.3 98 
SLD 430 ESPA 9.9 9.3 94 
SLD 427 SNRB 4.4 4.5 102 
SLD 430 SNRB 8.7 8.4 97 
SLD 427 Lime 4.3 4.6 108 

Sb BHC 150804 10 #Q/L 7.9 79 
BHC 150833 20 19.8 99 
BHC 150833 20 17.4 87 
BHC 150833 20 18.9 95 
BHC 150790 10 7.7 77 
BHC 156162 20 17 85 

FHC R2L5 25 pglL 22.1 89 
FHC R2L7 25 23.5 94 
FHC R2L2 25 25.1 101 

SLD 430 Bottom Ash 2.0 PJ~o 1.84 92 
SLD 430 Bottom Ash 4 4.2 104 
SLD 429 ESPA 2.4 2.3 98 
SLD 429 ESPA 4.7 4.7 100 
SLD 430 SNRB 3.2 1.9 87 
SLD 430 SNRB 4.4 4.8 109 
SLD 430 ECON 2.2 2.3 108 
SLD 430 ECON 4.5 4.3 95 
SLD 430 Lime 2.3 2.3 100 
SLD 430 Lime 4.6 4.6 100 
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TABLE VII-18. SPIRED SAMPLE RECOVERIES FOR CV-AAS MERCURY 
ANALYSIS 

Sample 

FHC(*) 
BL-L7 
BL-L7 + 0.05 pg 
Rl-L12 
Rl-L12 + 0.05 pg 

Concentration 
@g/aliquot) 

0.001 
0.055 

<O.Ool 
0.048 

% Recovery 

-- 
98 

-- 
96 

BHC@) 
R3-LlO 0.095 _- 

R3-LlO + 0.05 pg 0.155 120 
Rl-L7 0.024 -- 

Rl-L7 + 0.05 pg 0.041 34 
R2-L5 co.001 -- 

R2-L5 + 0.05 pg 0.046 92 

KMNO” Imoineers 
R3-L12 
R3-L12 + 0.05 peg 
Rl-L12 
Rl-L12 + 0.05 pg 

0.027 -_ 
0.073 92 
0.016 -- 
0.061 90 

sLD(a) 
APR2993 ESP Ash 
APR2993 ESP Ash + 0.05 rg 
Digestion Blank 
Digestion Blank + 0.05 pg 
APR3093 Bottom Ash 
APR3093 Bottom Ash + 0.05 pg 

0.042 -- 
0.094 104 

co.02 -- 
0.050 100 

<0.02 -- 
0.053 106 

(a) FHC = Method 29 front half composite 
BHC = Method 29 back half composite 
SLD = Solid sample. 
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Precisioh 

Precision was determined by analyzing duplicate samples that were prepared 

side by side by the same method. Results are summarized in Tables VII-19, VII-20, and 

VII-21 for ICP-AES, GF-AAS, and CV-AAS, respectively. In all cases where the elements 

were present at measurable concentrations, relative percent differences between duplicate 

samples were within acceptable limits. For ICP-AES, duplicate analyses of field blanks 

reflected higher RPDs since the determination was being made at or near the detection limit 

of the method. For GF-AAS analyses, the range of RPD results, as expected, fluctuated 

with the analyte concentration and homogeneity of samples and the detection limit and 

sensitivity of the GF-AAS system for As, Pb, Se, and Sb. 

Completeness 

All Method 29 samples and solid process samples planned to be collected and 

analyzed were received by Battelle. A back half portion from one Method 29 train was lost 

during sample preparation. The percent completeness achieved is summarir.ed below. 

Sample Batch Expected Number Number of Samples Completeness 
of Samples@) Analyzed (%I 

Method 29 Front Half 15 14 93@) 

Method 29 Rack Half 15 15 100 

Method 29 KMNO., Impingers 15 15 100 

Solids”) 18 18 100 

Excluding QC samples. 
Sample lost during laboratory preparation. 
Includes coal samples analyred by CTE. 
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TABLE W-20. DUPLICATE SAMPLE RESULTS FOR GF-AAS ANALYSIS 

Element Sample 

Concentration 
Initial Duplicate 
Analysis Analysis 

(/JglL or /Jg/g) RPD (%) 

Se BHC R3-L5 14.7 figIL 21.3 22.5 
BHC FB-L 12 6.4 5.7 12.7 
FHC R2-L12 243.2 245.4 0.9 
FHC R3-L5 154 173.2 11.7 
RHC R3-L2 505.7 514.9 1.8 

AS BHC R3-L2 -O.l6/~g/L 0.14 3000 
BHC FB-L12 -0.01 -0.16 176 
BHC R2-L12 0.8 1.57 65 

FHC R3-L5 487 IJglL 577 16.9 
FHC R3-L5 494 572 14.6 
FHC FB-L7 a.27 10.22 21.1 
FHC FB-L12 9.24 8.76 5.3 

SLD 430SNRB 90.8 pg/g 108 17.3 
SLD 430ECON 57.5 64.3 11.2 

SLD 430ESPA 21.2 LPalg 21.7 2.4 
SLD 427ECON 0.22 0.17 25.6 
SLD 429ECON 0.11 0.32 97.7 
SLD430SNRB 6.27 5.88 6.4 

Pb BHC R3-LlO 26 /Jo/L 24.4 6.1 
BHC FE-L1 2 1.34 1.6 17.7 

FHC R3-L5 50.3 60.5 18.6 
FHC Rl -L5 66.4 76.2 13.7 

SLD 430SNRB 5.36 /lo/g 5.21 2.8 

Sb BHC F&L12 -0.29 jig/L -0.23 23.1 
FHC R3-L5 14.56 17.37 17.6 
SLD427LIME -0.1 /&J/g 0.18 7.0 
SLD427SNRB 0.41 0.55 29.2 
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TABLE VII-21. DUPLICATE SAMPLE RESULTS FOR CV-AAS ANALYSIS 

Sample 
Concentration RPD 
bglaliq) (%I 

Front Half 
aL-L7 
BK-L7 Duplicate 
R2-L5 
R2-L5 Duplicate 
Rl-L12 
Rl-L12 Duplicate 

0.001 
0.001 0.0 
0.013 
0.013 0.0 

<O.OOl 
<O.OOl 0.0 

Back Half 
R2-L5 
R2-L5 Duplicate 
R3-LlO 
R3-Ll O Duplicate 
Rl-L7 
Rl-L7 Duplicate 

0.0175 
0.016 
0.038 
0.038 
0.025 
0.024 

a.9 

0.0 

4.1 

KMN04 Impingers 
R3-L12 
R3-L12 Duplicate 
Rl-L12 
Rl-L12 Duplicate 

Solids 
APR2993ESP Ash 
APR2993ESP Ash 

Digestion Blank 
Digestion Blank Duplicate 

APR3093 Bottom Ash 
APR3093 Botton Ash Duplicate 

0.02 
0.026 
0.005 
0.007 

0.043 
0.041 

co.02 
co.02 

<0.02 
co.02 

26.1 

33.3 

4.8 

0.0 

0.0 
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Method Detection Liit 

The method detection limit for each element analyzed by ICP-AES was 

calculated by using three times the standard deviation of replicate results from blank or 

spiked samples. As shown in Table VII-22, the results for the front-half composite of the 

Method 29 samples were considerably higher than the target value. This is due to a 

combination of the extremely large impinger volume and the large amount of acid required to 

digest the particulate. 

The method detection limits for GF-AAS analysis of As, Pb, Se, and Sb in 

Method 29 back-half and front-half samples and solid samples are listed in Table VII-23. 

The detection limits are calculated from three times of the standard deviation of the element 

concentration in the actual samples, instead of the standard deviation from element 

concentration near twice the detection limit. The sample homogeneity, matrix and acidity 

aspects, and instrumental conditions will also affect the detection limit and deviate from the 

target detection limit based on ideal case in the pure water matrix. 

2. Chloride/Fluoride 

QAPP and Method Deviations 

Chloride/fluoride analyses were conducted according to the QAPP and Method 

26A for the gas samples and Method 300 for the solid samples. Deviations from the QAPP 

and these standard methods include the following: 
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TABLE W-22. METHOD DETECT ON LIMIT FOR ICP-AES ANALYSIS 

i,..,,. 

Cr 
cd 
Ni 
Ba 
co 
Mn 
V 
Be 

Target Detection Limit Target Detection Limit 
for 1 .S4 dscrn volume for 1 .S4 dscrn volume 

@g/d=‘@ @g/d=‘@ 

50 1.4 2.74 
80 0.8 1.37 
70 1.9 5.49 
80 0.2 0.55 
70 1.3 2.74 
60 0.3 0.21 
65 1.3 2.74 
60 0.04 1.37 

‘FHC = Method 29 front half wmposlte (solid); BHC = Method 29 back half 
composite (vapdr). 

%alwlated using 3 times the standard deviation of replicate 
analysis of blank or low-level spiked sample, 1000 mL impinger volume, 
2 dscm gas sample volume, and 0.2 precdncentration factor (for EHC). 
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Method 26A 

(1) The analysis of EPA Performance Evaluation Samples (WPO29) was used (in 
accordance with Section 9.2.6 of the QAPP) instead of EPA “Audit Samples” 
referenced in Section 7.7.1 of Method 26A. There is no effect on results 
because of this deviation from Method 26A. The acceptable range for either 
reference sample must be analytically achieved to assure method accuracy. 
The target values for the WP029 samples were achieved with each calibrated 
sample run (see Table VII-25, presented later). 

(2) Calibration standards were prepared in deionired water instead of 0. 1N HsSO, 
as cited in Section 5.2 of Method 26A. As the majority of the analyses 
required dilution in deionized water to conform to the analytical range of the 
detector, deionixed water was the appropriate solvent for the calibration 
standards. There should be no adverse effect on results from this alteration. 

Method 300 

(1) The instrument calibration was verified approximately each hour of operation 
with the analysis of an Instrument Calibration Verifier (ICV) standard which 
has a tolerance of 20 percent from the known value as specified in Section 
6.2.6 of the QAPP. Section 9.4 of Method 300 states that the tolerance should 
be 10 percent. Although 10 percent is achievable precision (see relative 
percent difference results for duplicates), ICVs require 20 percent because they 
are analyxed around the clock where temperature changes contribute to a small 
amount of instrumental drift above 10 percent. 

(1) Section 5.3.2 of the QAPP (Custody During Lab Analysis) states that samples 
will be documented in a bound laboratory record notebook. The ion 
chromatography lab uses a sample log for all incoming samples from which a 
unique 4-digit number is assigned. Copies of sample chain-of-custody forms 
maintained in the laboratory served as a record of the personnel and the times 
involved in sample-handling transactions. 

(2) Section 6.2.6 of the QAPP states that a CCV standard will be used in 
chloride/fluoride analyses for continuing calibration verification. The correct 
terminology is ICV. 

(3) Section 9.2.6 of the QAPP incorrectly refers to the ICV as the CCV. 
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Calibration Data 

Results from the analysis of the ICV standard, which was analyzed 

approximately once each hour of instrument operation to monitor for instrument drift, are 

presented in Table VII-24. The acceptable range for this calibration was k20 percent or 

0.20-0.30 pg/mL. As shown in Table VII-24, this requirement was met for all ICV 

analyses. 

Results from the analysis of a standard reference material, EPA Perfomunce 

Evaluation WPO29 Minerals #l and #2, are presented in Table VII-25 along with the SRM 

acceptable range. As shown, results from multiple analyses of this SRM were all within the 

acceptable range. 

Accuracy 

Results from the fluoride/chloride analysis of a spiked sample are presented in 

Table W-26. The QAPP data quality objective for accuracy from a spiked sample was 75- 

125 percent recovery which was met. 

Results for duplicate fluoride/chloride analyses are provided in Table 

VII-27. Duplicate analyses represent duplicate injections of a sample into the ion 

chromatograph. The data quality objective for precision for duplicate chloride/fluoride 

analyses was a relative percent difference of 10 percent which was met for these analyses. 

Completeness 

A total of 15 Method 26A samples were received for chloride/fluoride analysis 

as expected. All samples were analyzed and data were reported for all analyses to meet the 

completeness objective of 100 percent. 
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TABLE VII-24. ICV RESULTS FOR CHLORIDE/FLUORIDE ANALYSES 

Instrument ICV Concentration 
File (h&W 

Concentration Found +g/mL) 

E Cl 

ZF426 
ZF434 
ZF441 
ZF450 
ZF469 
ZF473 
ZF481 
ZF494 
ZF461 
ZF487 
ZEO90 
ZEO98 
ZE107 
ZE122 
ZE131 
ZE141 
ZE149 
ZE155 
ZE167 
ZE174 
ZE181 
ZE189 
ZE190 
zE201 
ZE206 
ZE215 
zE229 
ZE241 

0.25 0.25 0.25 
0.25 0.25 0.25 
0.25 0.25 0.24 
0.25 0.23 0.24 
0.25 0.26 0.23 
0.25 0.26 0.22 
0.25 0.26 0.22 
0.25 NA(*’ 0.24 
0.25 NA 0.22 
0.25 NA 0.24 
0.25 0.25 0.25 
0.25 0.24 0.26 
0.25 0.23 0.25 
0.25 0.23 NA 
0.25 0.25 0.30 
0.25 0.24 0.29 
0.25 0.24 NA 
0.25 0.25 0.21 
0.25 0.30 0.22 
0.25 0.29 0.22 
0.25 0.29 0.21 
0.25 0.29 0.22 
0.25 0.28 0.21 
0.25 0.27 0.20 
0.25 0.27 NA 
0.25 0.27 NA 
0.25 0.25 0.24 
0.25 0.25 0.25 

(a) NA = Not Applicable. 
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TABLE VII-25. RESULTS FOR CHLORIDE/FLUORIDE SRM 

Instrument Acceptable Range 
File (&mL) 

Concentration Found (PglmL) 

F- Cl 

ZF448 
~ZF483 
ZF482 
ZEO99 
ZE132 
ZE133 
ZE165 
ZE166 
ZE214 
zE233 
ZE236 

1.6 - 2.0 
140 - 170 
1.6 - 2.0 

0.38 - 0.54 
0.38 - 0.54 

29 - 36 
0.38 - 0.54 

29 - 36 
0.38 - 0.54 
0.38 - 0.54 

29 - 36 

1.7 
__ 

1.7 
0.50 
0.52 

__ 
0.54 

__ 
0.49 
0.44 

__ 

A) 
160 

-_ 

_- 
29 
-_ 

29 
-- 
__ 

33 

(a) “--‘I indicates analyte not determined in analysis. 

TABLE VII-26. RESULTS OF CHLORIDE/FLUORIDE SPIKE ANALYSIS 

Instrument 
File 

ZF458 
ZF459 

Sample 

MAYO2 Economizer Ash 
MAYO2 Economizer Ash 

Concentration Found (PglmL) 

F- Cl 

0.026 0.032 
0.220 0.241 

+ 0.2 ppm Spike 
PERCENT RECOVERY 97 105 
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TABLE VII-27. RESULTS OF DUPLICATE CHLORIDE/FLUORIDE ANALYSES 

Instrument 
File Sample 

COnCerrt~tiOIl 
Found (&nL) Relative Percent 

F Cl- Difference., % 

ZF457 

ZF458 

ZF457 

ZF458 

ZE187 
ZEZOO 
ZE187 
ZE200 

MAYO2 
Economi2e.r 
Asb 
MAYO2 
Ec4mmlim 
A& 
MAYO2 
Economizer 
A& 
MAYO2 
E4Ymclmizer 
Ash 

R3-LlO 155536 
R3-LlO 155536 
R3-LlO 155536 
R3-LlO 155536 

0.026 

0.025 

- 

89.088 
86.577 

- 

0.033 

3.9 

0.030 9.5 

2.8 
436.204 
424.343 2.8 

(a) --” indicates amlyte result reported separately in table. 
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Method Detection Lit 

The target analytical method detection limit for chloride/fluoride analyses was 

0.014 pg/mL for chloride and 0.003 FglmL for fluoride. The target emission detection limit 

was 0.583 pg/dscm for chloride and 0.125 pg/dscm for fluoride based on a 100 mL impinger 

solution volume and a gas sample volume of 2.4 dscm. The analytical detection limit 

achieved in these analyses was 0.01 pg/mL for both fluoride and chloride for most samples 

except for the sulfuric acid reagent blank sample which had a matrix interference that 

increased the analytical detection limit to 1 gg/mL. The analytical detection limit was 

calculated according to the QAPP (i.e., multiplying the standard deviation of 8 

determinations by Student’s t value). The actual emission detection limits achieved for 

fluoride ranged from 1.5 pgldscm in the Location 12 field blank to 2.4 pg/dscm in the 

sample from Run 1 at Location 5. These actual emission detection limits are considerably 

higher than the target detection limits due to the extremely high impinger solution volume. 

Significant levels of chloride were detected in all samples; the actual emission detection limit 

achieved for chloride in the distilled water reagent blank (using an assumed gas sample 

volume of 2.83 dscm) was 0.75 agldscm which was close to the target detection limit of 

0.583 pgldscm. 

3. Polvcvclic Aromatic Hvdrocarbo~ 

QAPP and Method Deviations 

EPA Method 8270, which was cited in the QAPP for general guidance in PAH 

analyses, is applicable to the determination of semivolatile organic compounds in solid waste, 

soils, and ground water matrices. This method cannot be applied directly to determine PAH 

in flue gas samples. In this study, PAH analysis was performed by using a capillary GC 

column/MS technique which is the same technique used in EPA Method 8270. Note that in 

EPA Method 8270, in addition to PAH, groups of SVGCs are also determined; thus, the MS 

is operated in the full scan mode. In order to reach the detection limit for target PAH of less 
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than 1 ng/dscm for this study, samples were analyzed by operating the MS in the selected ion 

monitoring (SIM) mode to achieve better detection limits. The analytical method used to 

determine PAH was detailed in the QAPP. All the samples were processed and analyzed 

according to the QAPP except for the following changes which are not expected to influence 

the analytical results: 

(1) 

(2) 

(3) 

(4) 

In Section 7.3 (on page 7-8) of the QAPP, 40 mL of hexane was to be 
added to the silica column. The 40 mL was incorrect in the QAPP; 10 
mL was actually used. 

In Section 7.3 (on page 7-8 of the QAPP), 150 mL of hexane/dichloro- 
methane @CM) was to be added to the silica column. The 150 mL 
hexane/DCM was incorrect in the QAPP; 200 mL was actually used. 

In Section 7.3 (on page 7-9), extracts were to be concentrated to a final 
volume of 100 PL prior to analysis. For some samples, the extracts 
were concentrated to a final volume of 1 to 4 mL due to the high 
amount of extractable organic material present in the hexane/DCM 
fraction from the silica column. 

In Table 7-3 of the QAPP, target PAH compounds to be. determined 
included acenaphthene (not acenaphthalene) and indeno[l,2,3- 
c,d]pyrene (not indeno[l,2,3-c,d]perylene). 

Calibration Data 

The quantification of each target PAH in all the analyses of standard solutions 

used for routine calibration were within 30 percent of the true value as stated in the QAPP. 

Table VII-28 summarlxes the deviation from the true value from these analyses, and Table 

VII-29 gives the deviation from the true value of individual standard analyses. 

Blank Results 

The QC sample results are given in Tables VII-30 and VII-31. As shown in 

Table VII-30, trace amounts of some target PAH were found in the method blank. Since 

PAH are common environmental contaminants, trace amounts of these compounds were 
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TABLE VII-28. SUMMARY OF PERCENT OF DEVIATION FOR 
STANDARD ANALYSES 

Compound 
Deviation (%I 

Maximum Minimum Mean 

Naphthalene 28.4 1 .o 17.5 
1-Methylnaphthalene 26.0 5.0 16.9 
2-MethYlnaphthalene 24.0 3.0 15.2 
Biphenyl 27.0 6.0 15.6 
Acenaphthylene 22.0 4.0 12.8 
Acenaphthene 24.0 5.0 14.8 
Fluorene 20.0 2.0 12.8 
Phenanthrene 25.0 2.0 13.0 
Anthracene 18.0 2.0 9.6 
Fluoranthene 27.4 2.0 15.2 
Fyene 30.0 0.0 17.0 
Benzofalanthracene 25.0 5.0 13.2 
Chn/sene 22.0 0.0 11 .o 
Benzofluoranthenes 27.0 2.0 12.3 
Benzolelpyrene 21.0 0.0 10.8 
BenzofaIpyrene 28.0 1 .o 14.9 
Indenofl,2,3c,d)pyrene 30.0 3.0 15.3 
Dibenzofa,h)anthracene 29.0 3.0 15.9 
Benzofp,h,i)perylene 24.0 1.0 10.8 
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TABLE W-30. TOTAL AMOUNT OF PAH FOUND IN LABORATORY QC SAMPLES 

Compound 

Naphthalene 
1 -Methylnaphthalene 
2-Methylnaphthalene 
Biphenyl 
Acenaphthylena 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzofluoranthenes 
BenzoWpyrene 
Bento(a)pyrene 
lndeno(l,2,3-c,dlpyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

Method Matrix 
Blank Spike 

(ng) hlel 

15.0 277.0 
20.0 26.0 

6.0 9.0 
9.0 11.0 

ND(a) ND 
7.0 15.0 

11.0 17.0 
27.0 47.0 

2.0 3.0 
10.0 16.0 

6.0 13.0 
1 .o 2.0 
2.0 4.0 
4.0 5.0 
1 .o 1 .o 
ND 2.0 
ND 2.0 
ND 4.0 
ND 1 .o 

(a) ND = Not detected. 

VII-58 



TABLE VII-31. PAH CONCENTRATION IN LABORATORY QC SAMPLES(a) 

Method Matrix 

Compound 

Naphthalene 
1-Methylnaphthalene 
2-MethYlnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzofluoranthenes 
Benzo(e)pyrene 
Benzofalpyrene 
Indeno(l.2.3~c,d)pyrene 
Dibenzofa,h)anthracene 
Benzo(g,h,i)perylene 

Blank Spike 
hvgldscm) tngldscm) 

5.00 92.33 
6.67 6.67 
2.67 3.00 
3.00 3.67 

ND(b) ND 
2.33 5.00 
3.67 5.67 
9.00 15.67 
0.67 1 .oo 
3.33 6.00 
2.00 4.33 
0.33 0.67 
0.67 1.33 
1.33 1.67 
0.33 0.33 

ND 0.67 
ND 0.67 
ND 1‘33 
ND 0.33 

(a) Gas sample volume of 3 dscm was used to calculate concentrations. 
lb) ND = Not detected. 
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expected from laboratory handling. Note that a higher level of naphthalene was found in the 

matrix spike sample as compared to the method blank. A clean XAD-2 trap was used to 

prepare the matrix spike but not the method blank. The matrix spike was spiked with 

dioxinslfurans prior to extraction as a spiked QC sample for dioxinlfuran analyses, but was 

not spiked with PAH and therefore represents essentially a second laboratory method blank 

for PAH analyses. The higher background level of naphthalene in the matrix spike is mainly 

due to the clean XAD-2 trap’s absorbing some naphthalene (most abundant PAH in air) from 

ambient air while the sample was being processed. All the PAH concentrations reported for 

field samples were not corrected for background levels found in these QC samples. 

Accuracy and Precision 

Accuracy, precision, and completeness were calculated by the procedures 

described in the QAPP. Tables VII-32 and VII-33 summarize the accuracy, precision, and 

completeness of the QC samples and the combined QC and field samples, respectively. The 

individual recovery data of QC and field samples are given in Tables VII-34 and VII-35. 

Satisfactory recoveries of both the field-spike and lab-spike compounds were 

obtained from all the QC samples. These results suggested that a minimum loss of PAH had 

occurred during sample handling and sample preparation. 

Completeness 

A total of 19 QC and field samples were collected. All 19 samples were 

extracted and GC/MS analysis was conducted on 18 out of these. 19 samples yielding a 

completeness of 95 percent. The hexane/DCM fraction from sample R3-L2 could not be 

analyzed because the extract was saturated with white precipitate at the final volume of 4 

mL. Note that low recoveries of laboratory-spike compounds were found in sample R2-L5. 

This is mainly from the sample handling process in the Soxhlet extraction step. The 

laboratory spiking solution was spiked onto the XAD-2 resin. Then the filter and loose 

particles associated with the filter were added to the same Soxhlet extractor. The Soxhlet 
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TABLE VII-32. ACCURACY, PRECISION, AND COMPLETENESS FOR QC SAMPLES 

Accuracy Precision Completeness 
Spike Compound(a) (%I (%I (%I 

D12Chrysene 94 5.7 100 

D12-Benzo(k)fluoranthene 78 4.5 100 

D12-Benzo(e)pyrene 77 4.6 100 

(a) D12-Chrysene is the field-spike compound, D12-benzo(k)fluoranthene and 
D12-Benzo(e)pyrene ae the laboratory spike compounds. 

TABLE VII-33. ACCURACY, PRECISION, AND COMPLETENESS FOR ALL SAMPLES 

Accuracy(a) Precision(b) Completeness(c) 
Spike Compound(a) (%I (%I (%I 

D12-Benzo(k)fluoranthene 55 (661 37 (12) 95 

D12-Benzo(e)pyrene 55 (62) 36 (15) 95 

(a) The first number is the average recovery of all samples and the second 
number in the parentheses is the average recovery of samples excluding 
Rl -LlO, R2-Ll O, R2-L5, and R3-Ll O. 

(b) The first number is the relative standard deviation of spike recoveries of all 
samples. The second number in parentheses is the relative standard deviation 
of spike recoveries of sample excluding Rl -LlO, R2-Ll O, R2-L5, and R3-Ll O. 

(c) Sample R3L2 was not analyzed by GC/MS because of extremely 
high extractable organic mass. 
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extractor was not big enough to retain all the sample. The sample was then redivided into 

two Soxhlet extractors. This handling process can cause the loss of the spiked compounds. 

Low recoveries of the laboratory spike compounds were also obtained from all three samples 

collected at Location 10. These low recoveries are probably due to the sample matrix effect 

of large amounts of particles in these samples. 

Method Detection Lit 

The limit of detection of target PAH was calculated as described in Section 

11.3.3 of the QAPP. The results are summarized in Table VII-36. 

4. DioxinslF’ura~ 

QAPP and Method Deviations 

For dioxinlfuran analysis, the following revisions to Method 23 were made: 

. Soxhlets were pm-extracted and samples extracted with methylene 
chloride rather than toluene as specified in Method 23. Methylene 
chloride was the preferred extraction solvent for obtaining volatile PAH 
analytes. As stated in the QAPP, both dioxinlfuran and PAH data were 
obtained by extracting one sample and splitting the extract into two 
portions, one for dioxin/furan specific cleanup and one for PAH 
specific cleanup. To ensure recovery of the volatile PAHs while not 
affecting the efficiency of extracting dioxins/furans, methylene chloride 
was used as the extraction solvent. 

. Samples were Soxhlet extracted for 18 hours rather than 16 as specified 
in Method 23 and the QAPP. The additional extraction time should not 
have influenced analytical results adversely. 
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. The container 2 acetonelmethylene chloride wash was filtered through a 
quartz flber filter into a Kudema-Danish apparatus and concentrated to 
15-20 mL in a 65-75°C water bath. The filter from this filtration was 
Soxhlet extracted with the Method 23 XAD-2 filter and resin. The 
extract and concentrated wash were combined with other extracts from 
the Method 23 train and analyzed as one solution. Method 23 describes 
concentrating the container 2 wash to l-5 mL on a rotovap at <37”C 
and adding this concentrate to the Soxhlet before extracting. The 
difference between the two methods should not have affected analytical 
results. 

. The container 3 toluene rinse was not prepared and analyzed separately 
as the toluene QA rinse. specified in Method 23. Instead, all 
components from the Method 23 train were combined and analyzed as 
one solution as specified in the QAPP. 

. The container 4 impinger solution, which is not analyzed according to 
Method 23, was neutralixed with O.lN NaOH then extracted three 
times with 60 mL of methylene chloride. This extract was concentrated 
and combined with other components from the Method 23 train for 
analysis as specified in the QAPP. 

. The calibration and spiking solutions used were at concentrations 
recommended by EPA Method 1613. Method 1613 solution 
concentrations vary slightly from Method 23 and also include additional 
13C,,-labeled internal standards. The additional labeled internal 
standards provide better accuracy in identifying and quantifying 
analytes. 

. Several Method 23 samples had large amount of particulate collected on 
the filter. It was real&d after beginning extraction on several of these 
samples that extraction was impeded when the filter, XAD, and 
particulate matter were combined in a single Soxhlet extractor. To 
correct for this, excess particulate associated with the filters from 
samples R2-Ls, R3-L5, and R3-LlO was placed into a second Soxhlet 
apparatus for extraction separate from the XAD-2 resin and filter. 
These extra Soxhlets were not spiked with the labeled internal 
standards, but were combined at& extraction with the Soxhlet 
containing the XAD-2 resin and filter which was spiked. Low 
recoveries of internal standards on the samples with high particulate 
loading which were not split into two Soxhlet apparatus (Rl-L5, Rl- 
LlO, and R2-LlO) indicate that the extraction efficiency was 
compromised. Splitting the sample into two Soxhlet apparatus appears 
to have helped the extraction efficiency as noted by better internal 
standard recovery. Unfortunately, Sample R2-I-5 was split into two 
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Soxhlet extractors after spiking and the excess sample handling after 
spiking appears to have negated the improvement in recoveries achieved 
with using two Soxhlet extractors for extraction. 

. Extract cleanup involved two additional steps which are recommended 
cleanup procedures in EPA Method 1613. First, the addition of 
2,3,7,8-TCDD-“Cl4 as a recovery standard to each extract prior to any 
cleanup was used to evaluate the recovery of analytes through the 
cleanup procedures. The cleanup recovery standard provides an 
additional measure of quality control. Second, the addition of acid/base 
washing of the extract prior to column cleanups. The acid/base wash is 
a routine step in both EPA Methods 8290 and 1613. 

. Cleanup columns included acid/base silica, alumina, and AX2lkelite as 
required in Method 23; however, amounts of column packing material 
and elution solvents were similar to those listed in EPA Method 1613 
and varied slightly from Method 23 in some instances. 

. The GC oven temperature program for separating the analytes on the 
DB5 column follows Method 1613, which varies somewhat from 
Method 23, but provides adequate separation of all analytes of interest. 

. As specified in the QAPP, no second column confirmation of 2,3,7,8- 
TCDF on a DB225 column was performed. The DB5 column does not 
separate 2,3,7,8-TCDF from other TCDF isomers. As a result, values 
obtained for 2,3,7,8-TCDF could include contributions from coeluting, 
non-2,3,7,8 isomers. 

. Some surrogate standards listed in Method 23 were added to the field 
blank sampling trains before sample collection to evaluate sampling 
train collection efficiency. However, surrogate standards were not 
spiked onto the XAD-2 resin used to collect actual emission samples so 
losses due to sampling and shipping could not be evaluated for emission 
samples. 

Calibration Data 

For the initial calibration, the mean relative response factors were within the 

quality control limits of 25 percent for native dioxinslfurans and 30 percent for ‘3C,z-labelled 

dioxin/furan internal standards as shown in Table VII-37. The routine continuing calibration 

response factors were within the limit of f 30 percent from the mean relative response 
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factor for all analytes except QCDD-13C,2 which was slightly below -30 percent on the 

second day of analysis. Because this one response factor was only slightly outside acceptable 

limits, the initial calibration was not repeated. The OCDD-13C,, response factor returned 

within the QC limits on the next analysis day. 

Quality Control Sample Results 

Two field blanks and a laboratory method blank were prepared and analyzed 

with the actual samples to demonstrate that field sampling and laboratory analysis procedures 

did not contaminate the actual samples. Very low levels of QCDD were found in all three 

blank samples (less than 70 pg/dscm). No other analytes were found in the method blank 

and the field blank from location 12; however, the field blank from location 7 also contained 

low levels of TCDF, HxCDF, and QCDF (less than 7 pg/dscm of each). These results 

indicate that the sampling and analytical activities do not compromise the integrity of the 

samples. 

A matrix spike sample was prepared by spiking clean XAD-2 resin with native 

2,3,7,8-substituted dioxin/furan standards and processing this spiked resin through the same 

extraction and cleanup processes as the actual samples. As shown in Table VII-38, 

recoveries ranged from 71 percent for 1,2,3,7,8,9-HxCDD to 104 percent for QCDF and 

were well within the acceptable limits of 40 to 120 percent. 

Accuracy 

Recoveries of 13C,.+be.led dioxin/furan internal standards, which were spiked 

into all actual and quality control samples to demonstrate the efficiency of extracting 

dioxins/furans from the sample matrix are shown in Table VII-39. All samples were spiked 

with the labeled internal standards immediately before extraction except for the field blanks 

which were spiked with the internal standards in the field. The acceptable range for internal 

standard recovery was 40 to 120 percent. The only samples for which the recoveries are low 

for all internal standards are Rl-L5, Rl-LlO, R2-I.5, and R2-LlO from the SW and ESP 

inlets. As mentioned earlier, the large amounts of particulate collected on filters at these 
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locations appears to have impeded extraction efficiency. As soon as this was discovered, the 

samples with excess particulate were extracted in two Soxhlet apparatus instead of one, with 

the extracts then combined for further processing. Extraction in two Soxhlet systems appears 

to have corrected the problem as seen by the improved internal standard recoveries for R3- 

L5 and R3-LlO. In addition, each sample extract was spiked with 2,3,7,8-TCDD-“Cl4 prior 

to cleanup to demonstrate recovery efficiency through acid/base washing and the three 

cleanup columns. Recovery of this cleanup standard ranged from 90 to 101 percent 

indicating that recovery of the analytes through the cleanup procedures is quite good. 

Precision 

Method precision for dioxin/furan analysis was determined by calculating the 

relative standard deviation of the recoveries of labeled internal standards added to the 

samples before extraction. As shown in Table VII-39, when all actual and QC samples are 

taken into account, the relative standard deviation (RSD) is outside the 40 percent limit for 

all but the cleanup standard 2,3,7,8-TCDD-“Cl4 because of the very low recoveries obtained 

on samples with high particulate loading which were not extracted in two Soxhlets. If the 

RSD is determined from all samples except those where the particulate loading impeded 

extraction efficiency (as shown in Table W-40), then all recoveries are within 40 percent 

RSD except for 1,2,3,4,7,8-HxCDF-‘~C,, and 1,2,3,6,7,8-H~CDF-‘~C,s which had RSDs of 

84 and 72 percent, respectively. 

Completeness 

The data for dioxinlfinan analysis is 100 percent complete. No samples were 

lost during field sampling, sample preparation or analysis. 

Method Detection Lhits 

Detection limits were calculated for any analyte not detected and are provided 

in the dioxinlfuran data forms presented in Appendix B of this report. In most cases, actual 
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detection limits were significantly below the target detection limits listed in the QAPP. For 

example, the target detection limit for 2,3,7&TCDD was 0.06 ngldscm and actual detection 

limits of 0.0027 ngldscm (2.7 pgldscm) and 0.0051 ngldscm (5.1 pg/dscm) were achieved 
for Field Blank-L12 and R3-L5 samples, respectively. 

5. Carbonvls 

QAPP and Methods Deviations 

For the analysis of carbonyls in Method 0011 impinger samples, changes from 

the QAPP are the following: 

(1) Figure 4-38 in the QAPP shows that a filter was in-line ahead of the 
impingers. However, no filters were used for this sampling system. 
Upon return of samples to Battelle, a significant amount of particulate 
material was observed in the impinger solutions. To perform the 
analyses, the impinger solutions were filtered using Millex-SR 0.5 pm 
single-use filter units (Ivlillipore Corporation) to obtain particulate free 
solution for HPLC analysis. 

(2) Acetonitrile was to be used for rinsing ‘the probes and glassware, since 
it was also used as the DNPH solution. However, methylene chloride 
was used in the field. These two solvents do not mix and the 
partitioning ratio for carbonyl derivatives is unknown. The acetonitrile 
layer in impingers 1 and 2 solutions was analysed for all samples. For 
one sample both the methylene chloride and acetonitrile layers were 
analyxed to determine which solvent the DNPH derivatives preferred. 
In addition, unexpectedly large volumes of methylene chloride were 
used for rinsing which further complicated the analysis. 

(3) EPA Method 0011 procedures were used for collection of carbonyls but 
with the following exception. In the QAPP, DNPH in acetonitrile 
(0.25 g/L) was specified for use (and was used) rather than the DNPH 
in acidified water (3.75 g/L) which is specified in EPA Method 0011. 
DNPHlacetonitrile solution is used in Method TO-l 1. 
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Accuracy 

A laboratory spike was not prepared along with the samples for this study to 

evaluate analytical accuracy. Results from a routine laboratory spike experiment conducted 
after sample analyses are presented in Table VII-41. For this experiment, a stock solution of 

six underivatiaed aldehydes in water was prepared and a 2-mL aliquot was added to 2 mL of 

a TO-11 DNPH/acetonitrile working solution (0.25 g/L). The calculated spike level of each 

aldehyde and the amount recovered is shown in the first and second column of Table VII-41. 
A ten-fold and a hundred-fold dilution of the stock aldehyde solution were also prepared and 
reacted with the DNPHlacetonitrile working solution. The calculated concentrations and 
percent recovered at these levels are also indicated in Table VII-41. The working standard 

that is routinely injected into the HPLC instrument every analysis day (i.e. control standard) 

is at the 2 pg/mL level. The three spikes cover that level as well as an order of magnitude 
above and below it. Recovery values obtained in this laboratory spike experiment met the 
target quality objective for carbonyl recovery of 80-120 percent for all but a low level 
formaldehyde spike. 

Precision 

Analyses of the samples showed no carbonyls present, therefore triplicate 
analyses were not carried out. However, triplicate analyses were completed for the carbonyl 

standards ranging in concentrations from 0.01 to 2.0 ng/aL. Table VII-42 shows the 
analytical precision from these standard analyses. 

Completeness 

A total of eight Method 0011 samples were received from April 26 and May 2 
test days (excluding field reagent and blanks). Run 2 samples were not collected from 

Locations 2 and 5 and Run 3 samples were not collected from all locations. Although the 

first and second impinger solutions were analysed individually, they are counted as one. 
sample. 
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Amount of Data Obtained: 
Amount of Data Expected: 

Number of Number of 
Samples Data Points 
Collected per Sample 

8 8 
15 8 

Total 
Number of 
Data Points 

64 
120 

Completeness: 53% 

Method Detection Lit 

The stated detection level for the carbonyls was 1.4 pgldscm. Carbonyl 
species were not detected in any of the emission samples at or above this level. Subsequent 
to the analyses, a signal response was chosen that approximated the instrument noise level 

which, along with solvent volume as well as the sampled volume, was used to derive an 

estimated detection limit value for a particular sample. These values were less than the 
1.4 pg/dscm target. It is these values that are reported in the carbonyl table. 

5. Volatile Oreanic ComDounds 

QAPP and Method Deviations 

For analysis of volatile organic compounds (WC) in gas emission samples 

collected with Method 18 Tedlar bags, changes from the QAPP 
(1) QC information was obtained for all 41 TO-14 compounds. However, 

the first seven compounds on the target list in the QAPP were not 
quantified in the emission samples because of contamination from SO* 
which was also collected in the bags. 

(2) A glass beads trap (-150’C) and six port valves were used to 
preconcentrate sampled air instead of the two-phase adsorbent trap and 
Dynatherm preconcentrator system. The use of this trap resulted in no 
effect on the identification and quantitation of the TO-14 compounds. 
The change was made because of higher background levels of benzene 
obtained when using the Dynatherm system. 
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(3) Sample volume for preconcentration was limited to 25 cc instead of the 
planned 300 cc because of the excessive amount of SO, in the bag 
samples. 

Accuracy 

The analytical results of the QC samples associated with the VOC analyses are 

shown in Table VII-43. The calibration run was a 10 to 1 dynamic dilution of a 41 

component calibration cylinder that was analyzed on the same day as the Tedlar bag QC 
samples. The field spike sample was obtained by tilling a bag initially with a 10 to 1 
dilution of the calibration mixture and then sending it to the field. Half of the field spike bag 
was drawn through the field sampling system into a second Tedlar bag to obtain a process 

sample. The trip blank was a bag filled initially with ultra-zero air that was sent along with 
the field spike bag. The ratio of spike/Cal indicates that most of the target compounds 
remain unchanged during short term storage in the field spike sample (i.e. f25 percent). 

Most recoveries for the field spike sample meet the accuracy objective of 80-120 percent. 

The less volatile compounds do not store as well. The ratio of the process/spike indicates a 
drop off in recovery for the compounds eluting after tetrachloroethene (i.e. the less volatile 

compounds). The low recoveries in the process sample could be due to the procedures used 
in the field to generate the sample or to losses during shipping and handling. The trip blank 
bag shows extremely high dichloromethane values. Dichloromethane was used as a solvent 

rinse in the field and it is suspected that this use was the source of contamination. 

Precision 

Table VII-44 shows the relative standard deviation of the three calibration runs 

as well as the relative percent difference (RPD) from duplicate analyses of the spike and field 
process bags. Note that the spike level was 30 ppb of the 41 component standard and not 10 
ppb as originally indicated in the QAPP. The RPD for the duplicate analyses of the spike 
and field process bag samples is below the 10 percent data quality objective for most of the 
more volatile compounds. Precision for compounds eluting atIer tetrachloroethene (again, 
the less volatile compounds) is not as good as evidenced by RPDs generally higher than 10 
percent. 

VII-77 



TABLE W-43. RESULTS FOR VOC QUALITY CONTROL SAMPLES (ppb) 

Walvte 

Calibration Field ProcesS Trip Recovery ReWVely 
Cylinder Spike Sample Blank Spike/Cal ProdSpike 

5/l 193 Xl55871 Xl 55873 Xl 55872 (%Y (o/o)’ 

bichlomfluommethane (Freon-Ii) 
1 .ldichloroethene 
dichlommethane 
3dhloropropene 
l.l,Z-trichloro-1.2.2-tlifluomelhane 
1,ldichloroethane 
c&l ,2dichloroethene 
btchlommethane 
1,2dichloroethane 
1 ,l.l-bichloroelhane 
benzene 
carton tetrachlortde 
1.2dichlompmpsne 
trichlomethene 
c&l .3dichlompmpene 
trewl,3dichloropropene 
1 .I .2-bichlomethane 
toluene 
1,2dibmmoethane 
letrschlomethene 
chlombenzene 
ethylbenzene 
m+pxylene 
styrene 
1 .I ,2.2-tetrschlomethane 
o-xylene 
4-ethyl loluene 
1.3,~trimethylbenzene 
1,2.4-trimethylbenzene 
benzyl chloride 
mdichlorobenzene 
pdichlombenzene 
odichlorobenzene 
1.2.4trichlombenzene 

33.1 
28.0 
43.6 
32.9 
25.7 
31.9 
32.5 
31.7 
31 .o 

.~ 22.8 
26.4 
28.0 
25.7 
22.6 
29.8 
31 .o 
26.2 
22.7 
32.2 
22.9 
24.8 
21.5 
19.7 
22.4 
22.9 
22.1 
ta.3 
18.7 
18.2 
29.5 
19.3 
27.3 
21 .a 
16.7 

29.9 28.9 0.0 
24.9 21.8 0.0 
37.4 33.0 197.8 
34.7 24.3 2.0 
22.5 20.1 0.0 
29.7 25.7 0.4 
31 .o 29.5 0.0 
29.3 26.5 0.0 
28.4 24.8 0.0 
19.8 ta.7 0.2 
22.0 18.1 3.1 
24.9 21.5 0.0 
22.3 19.1 0.0 
21.2 17.1 0.0 
25.4 15.2 1.2 
25.5 14.7 0.0 
21.1 14.4 0.0 
17.5 13.8 3.9 
27.8 17.6 0.0 
19.7 14.0 0.0 
24.4 9.1 0.0 
16.9 6.2 1.5 
ta.7 a.9 1.7 
15.5 4.8 0.0 
17.3 5.8 0.0 
16.4 6.7 0.0 
21 .a 4.3 0.0 
22.4 6.8 0.0 
15.1 2.5 14.7 
12.2 1.5 0.0 
11.7 2.4 4.8 
24.8 3.4 5.9 
14.8 2.2 0.0 

90 97 
89 88 
88 88 

196 70 - 
88 89 
93 86 
95 95 
93 90 
92 87 
87 94 
83 83 
98 86 
87 85 
94 81 
85 80 . 
82 58 n 
80 88 - 
77 - 77 L 
88 83 ” 
88 71 .. 
98 37 - 
78 - 37 - 
85 53 - 
69 .. 31 - 
75 - 34” 
74 - 41 .. 

119 20 ” 
119 29 n 
83 16 .. 
41 * 13 . 
61 k( 21 ” 
91 
88 - 
35 - 

14 _ 
15 * 
0” 5.8 0.0 9.0 

hexachlombutadiene 14.5 5.7 0.5 0.0 39 ” 8” 

Pale quality objedive is 80 - 120% recovery. 
“Recovery outside target objective. 
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TABLE Vll-44. PRECISION RESULTS FOR VOC REPLICATE ANALYSES 

AnaMe 

Average of Average of 
Triplicate Average of Duplicate 

Calibration Relative Duplicate Relative Process Relative 
Cylinder Standard Field Spike Percent Sample Percent 

Analyses Deviation Anatyses Difference Analyses Difference 
(ppb) (%I tppb) (%I fpcb) % * 

htchlorofkroromethane (Freon-l 1) 
l.ldidrkxoethene 
dfchloromethane 
3-chtoropropene 
1 .1.2-trtchloro-1.2.2~trtfluoroethane 
1 .ldichloroethane 
&I ,2dichloroetiene 
trtchloromethane 
1.2dichlcroethane 
1 .I .I aichloroethane 
benzene 
carbon tetrachlortde 
1,2dichloropropane 
bichloroethene 
c&l Jdichloropropene 
trens-1 J-dichloropropene 
1 .I .2-bichloroethane 
toluene 
1,2dibromoethane 
tebachloroethene 
chtorobenzene 
ethytberuene 
m+p@ene 
sty7ene 
1 ,1,2.2-tetrachloroethane 
o-qiene 
4&h@ toluene 
1.3~5trtmethytbenzene 
1,2,4&-imethylbenzene 
benzyi chloride 
mdichlorobenzene 
pdichloroberuene 
o-dichlorobenzene 
1,2,4&ichlorobenzene 
hexachlorobutadiene 

34.7 4.0 31 .a 12.2 ** 29.2 2.8 
31.0 8.6 26.2 9.5 23.4 15.8 *a 
51.5 15.0 41.2 16.4 ** 38.8 20.2 ** 
43.9 22.0 36.7 to.8 l * 30.4 40.3 ** 
28.8 3.8 23.2 5.5 20.7 6.4 
35.3 6.8 31.7 12.2 l * 26.8 8.4 

42.3 20.1 38.9 40.7 ** 32.8 19.8 ** 
34.2 8.4 31.5 13.9 ** 28.0 10.3 
33.4 8.7 28.0 2.9 25.5 5.6 . 
23.1 3.3 20.1 2.8 19.4 7.0 
28.2 5.8 23.5 12.9 ** 19.8 17.3 ** 
27.1 4.6 28.5 11.6 l * 22.9 12.5 ** 
26.8 5.9 23.5 10.3 18.8 5.1 
24.5 8.9 21.5 3.3 15.8 19.0 ** 
26.5 12.5 23.3 18.4 ** 14.8 5.4 
34.5 9.1 23.4 18.0 l * 13.5 18.5 ** 
27.8 8.8 20.2 9.3 14.0 5.5 
23.9 4.5 17.9 4.1 13.4 3.3 
36.7 10.5 28.6 9.1 18.9 6.8 
24.7 0.7 19.9 1.8 13.2 12.2 ** 
31.3 18.2 24.8 1.2 12.0 48.3 ** 
28.1 15.4 22.4 49.4 l * 9.7 70.7 ** 
25.4 22.1 19.5 28.7 ” 8.8 8.8 

100.3 70.7 14.7 to.7 ** 5.0 8.8 
25.8 10.2 18.5 9.7 8.0 8.1 
29.8 23.3 18.6 2.7 8.8 3.8 
20.6 10.8 17.5 50.1 l * 4.7 14.4 - 
21 .l i 0.8 21.1 12.0 ** 5.0 64.8 ** 
17.8 18.7 13.4 28.2 l * 14.5 - 
382 19.8 16.4 51.2 l * 22:: 54.3 ** 
25.8 23.0 1 a.0 70.1 ** 2.9 31.1 ** 
36.5 22.8 29.3 31.1 ** 4.0 32.8 ** 
29.8 23.0 12.8 31.1 * 1.0 51.1 ** 
24.7 28.2 5.9 4.3 1.5 200.0 ** 
18.8 11.3 5.5 0.4 0.2 200.0 ** 

‘Data quality objective for relative percent difference is le88 than 10%. 
“Precfsfon outside target objectfve. 
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A total of 12 Tedlar bags were received from the April 30 (9 bags) and May 1 

(3 bags) test days. This count excludes the trip blank, field spike and process Tedlar bag QC 
samples. In addition, one bag was received from the April 27 test day and four bags from 

the April 29 test day, but these five samples were not analyxed because the received bags 
were deflated (a strong smell of SOa was present). Only 35 of the 41 target VQC 
components could be quantified because of St& contamination in the bags. Completeness 
achieved is summarixed below: 

Amount of Data Expected 

Amount of Data Obtained: 

Completeness 

Number of 

15 

12 

Number of Total 
Data Points Number of 
Per Samule Data Points 

41 615 

35 420 

68% 

Method Detection Lit 

Because of the decrease in sample volume used for preconcentration, the actual 
detection level achieved for these- analyses is 0.5 ppb. The target detection limit was 0.1 ppb 
for a 300 cc sample size. Attempts were made to increase the preconcentrated amount to 50 
cc. However, at this volume and above, the mass spectrometer source pressure exceeded the 
allowable limit and the mass spectrometer unit shut down. 
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APPENDIX A 

SPECIATED MERCURY MEASUREMENTS 



FRONTIER 
GEOSCIENCES mYlllONMLNTI\L RESEARCH CORWRAIION 
414 Fmlivr NOWk * %.“I~. WA 9810’) 
,206, 622.b9t.O * lu: 1206) 622.6.370 

January 26,1994 
Eric M. Prestbo and Nicolas S Bloom 

Discovery of Methyl Mercury Artifact in the Solid Sorbent Speciation (S 3) method 
for Coal Combustion Fluegas 

We have stated in both reports and presentations (Prestbo and Bloom, 1993, 
Bloom et al., 1993) that monomethyl mercury (MMHg) can be measured and is found in 
coal combustion flue gas in the range of S-15% of the total Hg. Because of very recent 
experiments we have coXp:eteC in the laboratory, we now know that th2 hSIIIg we 
were measuring and reporting is due to an artifact. Only through painstaking 
laboratory work were we able to discover the unusual chemical reactions which 
produce MMHg in solution. We discovered that Hg(II) and S(IV) collected on the 
KCl/soda lime sorbent, when digested in 10% acetic acid solution will form MMHg on 
the high pH surface of the dissolving soda lime. The likely mechanism leading to this 
can be found (in retrospect) in a paper by Lee and Rochelie (1987). This finding was 
quite surprising considering that so;! is known to be a reducing and not an oxidizing 
compound. The MMHg forms due to the release of methyl groups during the 
degradation of acetic acid in conjunction with th2 oxidation of SO3’. 

What we can state convincingly is that all previous flue gas data generated by 
our laboratory overestimates the amount of MMHg. Th2 MMHg fraction should 
tentatively be considered as part of the Hg@) fraction of th2 total Hg in fluegas until 
our ongoing investigations are completed. It should also be clearly stated that although 
the Mh4Hg values are no longer valid, this is not true for Hg@), HgO and especially 
total Hg. Further, please refrain from stating that MMHg is not present in flu2gas until 
we have a chanc2 to complete some field site studies using a refined methodology. 

We are actively pursuing the problem encountered. Initially we will investigate 
non-methyl containing solutions (i.e. citric acid) for dissolving KCl/soda lime to avoid 
the artifact. Secondly, we will us2 several other means of collecting flu2 gas, including 
unique impinger solutions to more conclusively determine the presence or absence of 
MMHg in combustion flu2 gas. 

As you know, speciation of trace metals, and especially mercury is difficult in 
any matrix. We regret that previous MMHg fluegas data was in error. We will 
continue to communicate to you any of our new findings as we have with this one. 

Please don ‘t hesitate to call us if you have any questions or need further 
clarification on this issue. 
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Jean Czuczwa 
Babcock and Wilcox R&D 
1562 Beeson Street 
Alliance, OH 44601 

May 17,1993 

Dear Dr. Czuczwa, 

Enclosed please find tables containing the mercury speciation data for the 
fluegas at the Burger Station (SNRB Pilot). The table contains both raw amounts 
of Hg, ng/sample trap, as well as blank corrected fluegas concentrations @g/m3 
at 68oF, dry). There are some very odd, but consistent patterns in the data which 
I cannot comment on without further information. Being able to interpret these 
peculiarities would be of great help not only to your work, but to the further 
refinement of this analytical method, and hypotheses-forming about fluegas Hg 
reactions. Thus, I would appreciate your help in obtaining any of the following 
information as soon as possible (preferably before I go to Sweden, May 19, but at 
least before the EPRI air toxics meeting, July 12): Coal type, chloride, and sulfur 
content; Fluegas chloride content at both sampling locations; temperatures and 
chemicals added in the SNRB pilot reactor; anything else that seems pertinent to 
the following peculiarities: 

(1) Extremely high oxidized Hg trapping efficiencies (~98%) for the ESP 
side, but very high breakthrough (in fact, greater Hg on the backup traps!) 
for the SNRB side. 

(2) On the 29th, considerably more Hg in the SNRB than the ESP-the 
increase being due to more oxidized Hg than the day before or after. 

(3) High between-day variability in the [Hgt&. 

Analytically, the data look quite good, so I am looking to the actual 
chemistry of the system to explain these odd results. Please note that at this 
time, due to the very high and unexplained breakthrough of oxidized species 
at the SNRB location, the fraction of HglII) and MMHg bust be taken as a bare 
minimum. Further investigation would certainly indicate that these fractions 
must be higher (Much higher?) and the Hgo correspondingly lower. One 
hypotheses might be that in the flu&gas, they are in the chloride form, which 



strongly adsorbs on the soda-lime traps, while after the SNRB, they are in the 
hydroxide form, which does not. 

Also, included with this data are invoices for both the analytical and field 
work, which have also been sent to accounts payable. We would appreciate 
having the payment expedited, as our company will face a serious cash flow 
problem this summer as we refurbish our new laboratory space. Thank you for 
your help. Please call me if you have questions concerning the data or its 
interpretation. I hope to be able to work with you again on future projects. 

Best wishes, 

Nicolas bloom 



Analytical and Samulinf! Method for Mercury Sueciation in Flue Gases 
(extracted from EPRl annual report, RP-3 177- 18. February. 1993) 

Nicolas S Bloom 
Frontier Geosciences 

414 Pontius North 
Seattle, WA 98109 

p: (206) 622-6960 fi (206) 622-6870 

Experimental Methods 

Samoling. The speciation sampling tram (Bloom. 1993) consisted 
of a series of 2 pairs of tandem solid sorbant traps, through which 
fluegas was pulled at a rate of approximately 0.5 L/min under 5-10” Hg 
vacuum. The first pair of traps were 0.25” diameter teflon tubes 
containing 10 cm of lo-20 mesh KC1 impregnated soda lime granules. 
The trapping material was prepared by dissolving 100 grams of KC1 in 
400 mL of water, and mixing with 1000 g of soda-lime granules. The 
mixture was then oven-dried at 1lOoC. ground and sieved between 10 
and 20 mesh, and ashed at 6000C for 6 hours. Approximately 2 grams 
(10 cm) of the material was packed into the teflon tubes between 
plugs of silanized glass wool. The second pair of traps were 
commercially available iodated carbon traps (MSA. Pittsburgh). 
designed. for the collection of mercury vapours (Braun and Metzger. 
1987: Mofitt and Kupel. 1974). 

The traps are situated in a sampling tram such that the fluegas 
passed through a quartz tube to the soda-lime traps, then through the 
iodated carbon traps (figure 1). The sampling train and quartz tube 
are maintained at lOO-1200C during sampling to avoid condensation of 
water vapour. Samples are collected non-isokinetically from a single 
point well away from the walls of the flue. In many cases, as a QA 
measure, a parallel sampling tram, consisting only of iodated carbon 
traps is collected. This train gives total gaseous mercury, which may 



then be compared directly with the sum of species obtained on the 
parallel system. 

Samples are generally collected without filters. so that the Hg on 
particulates adds to the results of the soda-lime traps (oxidized Hg). 
However, particulate Hg is usually measured on the ESP samples, and 
given the low Hg levels, combined with the poor efficiency of 
particulate collection with low-flow non-isokinetic sampling, the error 
introduced in this way is between O-5% of the total values observed. 
In cases where both gas phase and particulate Hg is required, the 
gaseous tram described above is fitted with a quartz wool plug filter to 
separate out virtually all particulate. A filter from a separate isokinetic 
sampling tram is then analysed to obtain particulate Hg data, which 
may be added to the gas phase results generated as above. 

Dry gas volume is measured, after passage through a desiccant 
(DrieriteTM) with an integrating thermal mass flowmeter. calibrated 
for air. Since actual fluegas contains approximately 10% CO2, a 
correction (approximately -0.2% in volume per 1% CO2) is made to 
the measured sample volumes to take into account the difference in 
heat capacity of the gases. Concentrations are generally reported as 
dry fluegas at 700F. During the course of the one extensive study, the 
mass flowmeters were compared at several flowrates (0.1-0.7 L/min) 
with a bubble flowmeter. and the results found to be accurate to within 
better than 1%. 

Generally samples are collected for two hours at an inftial flowrate 
of 0.5 L/min. Over this time period, the flow rate usually drops to 
approximately 0.4 L/min, as the soda lime material expands, due to 
the absorption of C02. This results in sample volumes of generally 
0.05 m5, which are accurately determined by the integrating 
flowmeters. In some cases, sample times up to 4 hours (0.1 m3) have 
been employed, to facilitate direct intercomparison with other 
techniques, or at very low mercury sites (oil fired facilities, after 
advanced pollution control equipment). In these cases, sample 



flowrate diminishes dramatically (to approximately 0.2 L/mm). by the 
end of the sampling period. 

After collection, the sample traps and quartz probe liners are 
plugged with teflon plugs, and stored in a low mercury environment 
until analysis. Although no storage tests have been conducted, the 
speciation information on the soda-lime traps appears stable at least a 
period of several weeks. The mercury concentrations collected on the 
iodated carbon traps is stable indefinitely when plugged with teflon 
plugs. 

Coal and ash samples were collected directly into EPA-style trace 
metal cleaned sample vials. Typically, the samples were already in 
powdered form, and so were simply aliquoted prior to analysis. In 
some cases, coal or bottom ash was collected in chunks, and was thus 
pulverized in an alumina ball mill prior to analysis. 

Analvsis. Quantification of Hg is made using cold vapour atomic 
fluorescence spectrometry (CVAFS). following appropriate sample pre- 
treatment (Bloom and Fitzgerald, 1987). All standards are ultimately 
traceable to the lab stock standard for total Hg supplied by the 
National Bureau of Standards (NBS-3133. lot #290702). 
Methylmercury standards, prepared in the lab. are cross-compared to 
this NBS primary standard. Also, where possible, certified standard 
materials were analysed along with the samples. 

Total (and elemental) Hg on iodated carbon traps is determined by 
SnC12 reductionof small aliquots (100-500 uL) of acid digests, purging 
and preconcentration on gold (Bloom and Crecelius. 1983; Moffitt and 
Kupel. 1974). and CVAFS detection. The samples are digested at 
700C for 2-3 hours in 18.2 or 25.6 mL teflon vials with 5 mL of a 
mixture of 7:3 HN03/H2S04, and diluted to volume with 0.02 N BrCI. 
Soda lime traps can be analysed for total oxidized Hg. after dissolution 
with 0.02 N BrCl in similar teflon vials. 



To obtain chemical speciation information, soda-lime traps are first 
dissolved in 10 mL of acetic acid diluted with water to 125 mL in 
teflon bottles. Ionic and methyl Hg are determined by aqueous phase 
ethylation, purging onto carbotrap. cryogenic GC separation, and 
CVAFS detection (Bloom, 19891. Methyl mercury is determined as 
methylethyl mercury, while ionic mercury is determined as diethyl 
mercury. Ionic mercury may also be determined on the same samples 
by SnC12 reduction, collection gold, and CVAFS detection. From the 
acetic acid digestates, methylmercury is not released, thus allowing 
only the Hg(I1) to be determined. 

Total Hg and speciation on ash samples is determined similarly to 
that above, after modified digestion procedures. The ash samples are 
digested with hot refluxing aqua regia. and then diluted to 100 mL 
with low Hg water, prior to analysis. NBS certified flyash is also 
determined in this manner, as a QA check. Methyl mercury is 
determined using aqueous phase ethylation. on separate ash aliquots. 
after leaching with 25% KOH in methanol (Bloom, 1989). 

A new method for the determination of total Hg in coal was 
developed during this project. Aliquots of coal (0.2 grams) are placed 
in a 110 mL teflon bomb with 5 mL perchloric acid, 7 mL nitric acid, 
and 3 mL sulfuric acid. The bomb is microwave digested until a clear 
yellow solution results (3-5 minutes on medium-low, 900 watt oven). 
The solution is then diluted to 100 mL with 0.02 N BrCl. and analysed 
by CVAFS as for other total Hg samples. NBS certified coal, as well as 
digestion spike recoveries were analysed to verify the method. 

As a further check on the determination of Hg in the solid 
substrates, a selection of the ash and coal samples were also 
determined by chemical separation/NAA by the nuclear chemistry 
group at the “J Stefan” Institute, Ljubljana. Slovenia. This completely 
independent comparison also provides an indirect check on the 
overall analytical methods and standards. 
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APPENDIX C 

RADIONUCLIDE ANALYSIS RESULTS 



?IO following deliver&IO, Work Order Number 53-02-d“o , is being relinquished to yo 
my the reporting department of In~aUonaJ Technology Copratlon - Oak Ridge, is50 Bes 
hek Road, Kingston, Tennesm 37763. 

II Radiologlcal Report w/Data Package 

8 
74 Miu nc-rl 

Radlological Report w/CeftiflCate of Analysis &p&7 

- CLP Sample Data Summary w/EDT Hardcopy 

J CLP Volatile Data Package 

7 CLP SemIvolatIle Data Package - 
J CLP Peetlclde/PCB Data Package 

LI CLP Herblclde Data Package 

II CLP Inorganlca Data Package 

7 Certlflcate of Analysb- Only 

7 EDT Hardcopy Repott w/complimentary COA 

2 

3 

EDT Floppy Dlekette 

Other 

Rdhqulshd Byi W: 

Ieasesignth0f0lbwhgCtuindCusbdy8ndrotumltto mematbd Tschnology - Oak 
Mge, 1550 bsr Cresk Rod, Ktq#on, Tuv~ssse mS3, Atbntbn: ROporting.. 



INTERNATIONAL 
TECHNOLOGY ANALYTICAL 
CORPORATION SERVICES 

CERTIFICATEOFANALYSIS 
BATTELLE MRMORIAL INSTITUTE 
505 King Avenue 
Columbus, Ohio 43201 

Date: September 9, 1993 

ATTN: Karen Riggs Page : 1 of 3 

work Order: 53-07-040 (Amended Report) 

This is the Certificate of Analysis for the following samples: 

Client Project ID: 93-1032-SLA 
Date Received By Lab: July 16, 1993 
Number of Samples: Eighteen (18) 
Sample Type: Filter 

I. INTRODUCTION 

On July 16, 1993, eighteen (18) filter samples were received at ITAS-Oak 
Ridge, Tennessee laboratory from Battelle Memorial Institute, Columbus, 
Ohio. The list of analvtical tests performed as well as date of receipt 
and analysis can be fourid in the attached report. 

The report is amended to correct the U-235 result for sample (11) 156124. 

The samples were labeled as follows: 

CLIElT ITAS SAMPLE NUMBER PARAMETERS REQUIRED 

150904 
150908 
150900 
155546 
156101 

Reviewed and Approved: 

s3-07-040-01 
S3-07-040-02 
s3-07-040-03 
53-07-040-04 
s3-07-040-05 

Radiologic Analysis Group Leader 

List One 
List One 
List One 
List One 
List One 

Reviewed and Approved: 

A ..7 

Susan Aderholdt 
Project Manager 

JML/bav 

Any reproductions must be made of the complete data report. 

Amencan council 0, ,ndependenl iaborotorles 
hlernatxrd Awaaalion of Envuonmental Testmg Lclboratones 

Amencan Assoc,ot;on ,a LabOKmry kxledll~tlorl 

lT Analytical Semites. 1550 Beam Cmek Road, Oak Ridge. TN 37830 SBi~l.80 



BATTEUE MEMORIAL INSTITUTE 
Date: September 9, 1993 
Client Project ID: 93-1032-SLA 

ITANALYTICALSERVICES 
OAKRIDGE,TN 

Page: 2 of 3 
Work Order: 53-07-040 

I. INTRODUCTION (Continued1 

The samples were labeled as follows: 

CLIENT SAMPLE ID ITAS SAMPLE NUMBER 

155513 S3-07-040-06 
155521 s3-07-040-07 
156120 S3-07-040-08 
155538 s3-07-040-09 
155550 s3-07-040-10 
156124 s3-07-040-11 
155517 S3-07-040-12 
155554 s3-07-040-13 
155509 s3-07-040-14 
156103 s3-07-040-15 
156102 S3-07-040-16 
155503 s3-07-040-17 
155542 S3-07-040-18 
DUP 150904 s3-07-040-19 
BLANK RESULTS 53-07-040-20 
SPIKE RESULTS S3-07-040-21 

List One consists of: Lead 210, Radium 226, 
Uranium 234, Uranium 235 and Uranium 238. 

List Two consist5 of: Cesium 137. 

PARAMBTERS REOUIRBD 

List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List One 
List Two 
List Two 

Radium 228, Thorium 230, 

II. ANALYTICAL RESULTS/WETHODOLCGY 

The analytical results for this report are presented by analytical tests. 
Each set of data will include sample identification, analytical results, 
and/or the appropriate detection limits. 

The analytical results reported relate only to those items tested. 

The samples were prepared for Gamma Spectrometry using ITAS Oak Ridge 
Standard Operating Procedure OR-7003, Revision 0 and counted using ITAS Oak 
Ridge Standard Operating Procedure,OR-7212, Revision 0. 

III. QUALITY CONTROL 

QA/QC information was performed on the enclosed analytical data. The 
purpose of QA/QC information is to ensure the user that the data enclosed 
is scientifically valid and is used to assess the laboratory's performance. 



BATTELLE MBMORIAL INSTITUTE 
Date: September 9, 1993 
Client Project ID: 93-1032-s- 

ITANALYTICALSERVICES 
OAKRIDGE,TN 

Page: 3 of 3 
Work Order: s3-07-040 

IV. NONCONFORMANCE 

There were no nonconformances associated with this work order. 

V. CONNENTS 

Gamma Snectrometrv Bnalvsis: 

The client requested Thorium 232 and Thorium 228 to be analyzed by Gamma 
Spectrometry. These isotopes are being reported as Radium 228. The client 
also requested Polonium 210 to be analyzed by Gamma Spectrometry. This 
isotope is being reported as Lead 210. This is based on the assumption 
that the Thorium and Radium and the Polonium and Lead are in secular 
equilibrium. 

Uranium 238 is being reported from the 63 keV energy line from the Thorium 
234 assuming that the Uranium 238 and Thorium 234 are in secular 
equilibrium. 

Analvsis For Samnles 8-12 and 17: 

Samples (08) 156120 through (12) 155517 and (17) 155503 were part of a 
larger set submitted to the count room on August 9, 1993. At the direction 
of the Technical Director the count room was requested to retain the QC (QC 
X93-7188) from the larger set to run with this subset. The special 
instructions were followed exactly with additional repetition of the 
microwave digestion step and a final attempt to microwave using 10 mls each 
HF/HNQJBC.,. All attempts to get the samples into solution were 
unsuccessful. The Technical Director finally directed that the samples 
were to be suspended in a gel agent. 



2 rroakaiag. - work or&x I 83-07-0.0 
irair 07,16,93 Wlla. by -1. 

La ID 1.50901 PRACTION G TEST CODE B umts Fop to mDort data 
mt. ‘ The Co11.cf.d mot .pcifid C.t..SOry r- 

P-TER RESULT 2-SIGMA ERROR 

PB-210 ‘l.lE+2 

RA-226 <1.2E+1 

PA-228 <2.9BCl 

TB-130 <5.*1+1 

“-234 <2.m+3 

“-235 ‘2.2E+l 

“-238 2.388+1 o.,m+2 

uN.ITs 

pcil.uq.1. 

pCil.upl. 
pCi/Smpl. 

pci/.upl. 
pci/.upl. 

pcil.aq.1. 

pcihmp1. 



Pq.. 3 n--a- - .acli - * x3-07-010 
nncdvadl 07,1*,93 PI.111t. by -1. 

SAHPLE ID 150901 PRACTIO~ M TEST CODE m NAKf FOlm to - .3&a 
Da* ‘ *ime Colhctd wt~.Isifid c.tegery - 

P-R Rgsmx 

PB-210 1.63E+2 

RI-226 <l.IE+l 

Iu-128 <.?.774++1 

ml-130 t5. n+2 

u-231 <2.511+3 

“-235 <2.11+1 

“-138 2.oc3+1 

2-?xom ERROR u)IITs 
0.60X+* pCil.upl. 

pcil.~h 

pCi/.up1. 

Fci/.ampl. 
PCil.U@. 

pCil.uuph 
0.69E4 pci/.mph 



4 ITtiRid~. - “ark 0rd.r , s3-07-040 
iTad, 07,16,93 ltmm1t. kq smql. 

LE ID 150900 rRAcTION G TEST CODE a Nua Form to rmmart data 
mt. ‘ Tim. C0II.ct.d ILot .mecifid c*t.gay mI5!m 

P-TSR RESULT *-sn3!A aFsoR 
PB-210 9.763+1 7.36B+l 
RI-226 <1.3Ic+1 
Pa-228 ‘2.4E+l 
TB-230 <s.m+1 
U-234 <*.%+a 
“-235 <2.5II+1 
U-238 1.94x+2 o.,oE+1 

UNITS 

pcil.W+d. 

pCilmamp1. 
pCi,.U@. 

pCil.am@. 

pCi/.Upl. 

pcihup1. 
pCi,.mpl. 



P.ge 5 IZorliZti@. - lorL - , 83-07-0.0 
-bndi 07,1‘,93 m..d+. by -la 

SAbwLB ID 1555.6 FRAcT*oN * TIET CODE s NAUZ mx¶ to - data 
Date ‘ Tima Collected mat .mcified category I- 

PARNtfTBR 

PB-210 

Iu-216 

RI-228 

m-230 

“-131 

“-235 

“-238 

*sum 
2.29E+2 
<l.ZE+l 
<2.x+1 
<6.1*+7. 
t2..ll+3 
‘1.11+1 
1.761+1 

2-SIGnA ERROR InuTs 

0.8%+2 pCil.C”Pl. 

pCi,Ml@. 

pCi/.uQ.h 
pci/.ampl. 

pCi/.uph 

pci/.ampl. 

0.62X+* pci/.ampl. 



6 mtiudg9 - “ark odes # 11%07-010 
i-+di 07/1‘,91 rL..la1+. by -1. 

LB ID 1SLlOl FRICTION g TLST cm* w NAME ion to rapart data 
mte ‘ Tima Cd1.ct.d not .psifid cat.gay Inaza 

P-R 

m-210 

RA-226 

RI-228 

m-130 

“-234 

V-235 

“-23B 

RFSULT 2-SIGMA ERROR 

1.67E+2 0.79E+2 

<l.2E+1 

<2.**+1 

<5.6B+2 

<1.61+3 

t2. a+1 

2.mE+1 o.m1+1 

UNIT8 
pcilmumph 
pCi/.UWh 
pci,S&U@l. 
pci/.up1. 
pCi/.*pl. 
pcil.amF.1. 
pci,mup1. 



P.gm 7 IToakRidg. - .ozk - # a-WI-040 
Rocdvd, o7,1r,,s FEnIlk. by sampb 

sAmL.E ID 155.513 PrtAcTION e l?sT cm* m NAME ,oxa to romort data 
Date L Tim. Co11*ctmi not mecifid cat.$my - 

P-TBR 

*B-21(1 

FA-126 

PA-228 

m-230 

“-234 

“-135 

U-138 

Rssum 2-s*om ERROR 

1.661+2 o.,%s++2 

<1.1Bfl 

<*.%+I 

4.4BC2 

<1.5Fi+3 

<1.m+1 

*.11E+Z 0.61x+2 

ULllTS 
pCi,.&T&%l* 
pci,.aq.le 
pCi/mmph 
pci/.au.pl. 
pCi/.mpl. 
pCi,.W@. 
pci/.upl. 



8 m&=4- - work or&r , 93-co-0.0 
imdi 07,~6,93 Rm.lllta by -1. 

LE TD 155521 IRACTION G TEST CODE a NAAB FOII to rrport data 
Da. ‘ Tim C0ll.ct.d not .dfid c.t.q.xy ru.lEs 

PuuyaTBR 

PB-210 

RI-226 

RA-218 

TX-230 

“-2-M 

“-235 

U-238 

RBSOLT 

1.*5ZZ+2 

1.1C3+1 

t2.C3+1 

.S.C3+2 

<2.71+3 

<I. SE+1 

2.4IE+2 

?-BTGIU mRoR VIIITS 
o.B.E+1 pCi/.~pl. 
0.6OB+l pcil.uph 

pci/.amPl. 
pci/.Utph 

pCi/.uw. 
pCi/‘upl. 

0.7%!+2 pcilsupl. 



pv 9 n-aras. - “OrL - * a-07-04~ 
JtaLwi~ed, c.7,1‘,,3 PUIL1t. by supl. 

PAAN.mrER 
PB-210 
ia- 
RI-228 
m-230 
“-214 
“-235 
U-238 

RESULT 
<z.*B+l 
4. SE+0 
4.31+0 
tl.,E+2 
<5.X+* 
t5. m+o 
1.1911+1 



I 10 rcaaknidg. - hrli cm&r * 113-07-0‘0 
,irdr 07,1‘,93 111,m1+. w -la 

#LB ID lSSW0 FRICTTOLl s TE*= CODE - NAKE ,orr +o - data 
mt. ‘ Tia. cell.etuJ ti .peifi.d c*r.gory rn.Tm 

P-TER 

m-210 

RI-226 

m-228 

m-230 

u-134 

“-235 

“-238 

RESULT 2-s1cm ERROR 
d.SE+l 
<2.9E10 
<5.6E+O 
<1.3X+2 
<5.2d+2 
t4. e*+o 
4.52E++1 1.33X+1 

WITB 
pci/g 
P=ug 
F-x/g 
pcilg 
ecu9 
*i/g 
ecug 



P.9. II mew - “ark or&r I s3-07-0.0 
pssrivmdi 07,1‘,93 lu.dts by -. 

PARNCSTER 

PB-210 

RA-226 

RA-128 

m-230 

“-134 

“-235 

U-238 

RESULT I-SIW ERROR 

<2.1E+l 

1.66x+0 1.36B4.0 

<5.8X+0 

<I. x3+2 

4. es+2 

<5.61+0 

,.86B+1 1..?6E+1 



, 12 ITcaklli‘i~ - .ark or&r. 83-07-0.0 

vdi 07/16/91 ilr.llli., by smq.h 

LE ID 15612, 

PlWILgTER 

PB-210 

RA-226 

mu-228 

TB-230 

0-231 

“-135 

“-238 

PRIcTlON &g TEST CODE B mm rap to rmmort data 
mt. ‘ Tima Cd1ectd mot .pcifimd c.t.gory I- 

RgSuLT 

<2.7E+l 

<2.9B+O 

<5.7X+0 

<L.*E+* 

<5.m+* 

(4. BE+0 

4.09B+1 



P*ga 13 nti-m= - “orli 0d.r , b3-07-0.0 
Paceid, 07,1‘,93 -Lilts by sapI* 

PARMETER 
PB-2x7 
RI-116 
RI-228 
TB-130 
0-114 
“-115 
U-218 

RESULT 2-81wu ERROR 
<*.x3+1 
1.14?S+0 1.32*+0 
t5. m+o 
<1.2It+2 
<,.2r+1 
<5.11+0 
5.2m+1 1.421+1 

VNlTs 
pcilg 
pcil¶ 
ecilq 
P=ik 
pcif¶ 
pci/g 
pci/g 



14 rrtiilidg. - “a-k 02&r , 83-07-010 
~iva4, 07,1‘,93 im.at. by -1. 

LE ID 155551 PlumION 2 TEST CODE w NAME FOP to rrmrt &+a 
*ate ‘ Time Colhctd not .-i*hd c.t.gory I- 

P-BR 

PB-210 

Rh-216 

RI-228 

m-130 

“-234 

U-235 

U-238 

RESULT 2-BIGWA *RRm 

2.w3+2 o.,wi+2 

<1.&3+1 

‘2. a+1 

t5.m+2 

<*.5Is+3 

4. WC1 

2.16E+1 0.60x+2 

UNITS 
pci/.ampl. 
pCihmp1. 
pCilsuph 
pCihmp1. 
pCil.mp1. 
pCihup1. 
pcil.ST@. 



P.ep 15 ROILlUd.p - .@zk oxdus # s3-o,-040 
Racairedr 0,,16,93 rU.ult. by -la 

sIu(pIB ID 155509 FRAmION * TEST CODE m NAm PO" to racart &ta 
Date L Time Colhsted not ~~ifiad categc.zy l- 



16 IT oak ai*ga - “ark oldv , 83-07-010 
kddr 07,1‘,93 am..Jlt.. by -1. 

PARAMETER RESULT 

PB-210 3.21BCO 

PA-226 8.5273-I 

RA-228 8.923-l 

T8-230 tl.OS+l 

u-234 <1.41+X 

“-135 3.71E-1 

U-218 4.7m+o 

I-SIGIU ERROR UNITS 
0.98E+O pcug 
1.933-I pcilq 
2.87E-1 @I¶ 

pcilg 
pcilg 

2.471-I m/s 
1.2211+0 pcif¶ 



*.go 17 ITomkrt.idg. - work ordrr t 83-07-010 
rmcdrddr 07,16193 PI.dt~ by suph 

-LB ID 156102 FRACTION g$ TEST CODE B NII(E Fop to zenort data 
mte L Tim. CO11.ct*d not .mcifi9d c.t.gory I- 

PARAKETER 

PB-110 

RA-226 

RA-22B 

TE-230 

“-234 

“-215 

O-238 

RgSuLT 

1.29EZ+2 

<1.zm+1 

<l . m+1 

<b .211+2 

<*.51+3 

<2.21+1 

?.14E+2 

2-8IW ERROR LWITS 
o.,m+* pCi/*mph 

pCiI.mpl. 
pCi/.up1. 
&/sample 
pci/mmpl. 
pCi/.upl. 

0.70*+2 pci/.up1a 



P-TX* 

PB-210 

R&-226 

RI-228 

m-230 

“-234 

“-135 

“-238 

IRACTION 171 TEST CODE m N&m r- to - da. 
mte ‘ Time C.all.0t.d not .Lnci.fi9d c.tagory l- 

PZSULT 
t3.z+1 
2.6X+0 
-3. SE+0 
<1.3E+2 
<5.6Ei2 
4. m+o 
3.x8+1 



Page 19 ITcmkad.Ja - .nrk OrlIar , 83-07-040 
mcmivd* 07,16,93 m.DIt. by -1. 

SAIIPLB ID 155542 PRICTTON m TEST CODE s NNm r@zm to rmxut cbta 
D.+a ‘ Tima Cdl~ctd not .cacifid c.tegory I- 

P-R RESULT 

m-210 3.171+0 

PA-126 9.17%1 

RA-718 6.741-I 

m-230 <9.x1+0 

“-234 4.lECl 

“-135 3.82%I 

u-1 38 ..76E+0 

2-BIGrn ERROR UlilTh 
0.8BBCO pcik 
2.018-1 Sib 
2.728-1 pcik 

w/g 
pcug 

2.,x+1 pcih 
1.11E+O *i/g 



20 R.akuidg9 - Mrli or&r , 93-07-040 
isd, 07,16,93 Ib.mlt. by supl. 

is ID mP 150904 PRACTION z TEST CODE - NAm ,oxm to rqnrt data 
mea ‘ -rime COIIect.d mat .pcifbd c.t.gory *- 

P- 

PB-210 

RI-226 

PA-228 

m-130 

U-234 

u-235 

U-238 

KEBULLT *-STOMA ERROR 

1.658+2 0.76E+* 

<I. x++1 

a.%+1 

<6.lE+2 

<2.5*+3 

<2.11+1 

*.101+2 0.611+2 

UNITS 
pCi/.SWl. 
pci/.mp1. 
pcilmmp1. 
PcilamPl. 
pci/sampl. 
pCi/.uepl. 
pci,.u.p1. 



Page 21 IToakRi.3gn REPORT “OrL or&r * 53-07-010 
RacdSdl 07,16,93 Ro..dtm by suph 

SU(PLEID-FS%QlXS IRAcTlOb I” TEST CODE a NAtm ion to rwr3l-t data 
Date ‘ Tine Callwtd not. ‘wcified c.teqory LI- 

PwI(ETBR REsuL* 2-s1am ERROR uNI!rs 

893-7188-A cs-137 1.5m+1 DPM 

893-7188-B cs-117 1.5**+1 DPY 



22 ITMkRiM. - work ordrr I 83-07-0.0 

ired, 07/16/93 U..alt. !ay -. 

rEIDSP-- PRACTTON 2 TEST CODE IIp1( NAME rlmmrt *- sldkd samlh. 
mt. L Tim. COI1.Et.d not .waifiaJ c.t.gory Lmum 

P-R 
891-71884 cs-137 
nmm 
romro 
mRluLIZm DNIATlON (IN BIGma, 
593-7188-B cs-137 
?.mwu 
mum 
NOmuLIIED DEVIATION ,na STOIU, 

4.07x+5 

4.1OE+, 

0.64 

,.om+5 

..111+5 

0.69 



P.9. 11 
Recdvodr m/16,.93 

--nsrrmca 

owu SPEcInOI(ETRY 

PREPARmI 08/W/93, W/16,93 
ANALLYZEDI 08/17/93, OQ,18,93 

IToakRid~. - “ark - t 53-07-0.0 

09,09/*3 1S~Olr.cl 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

ANALYTICAL 
SERVICES 

CERTIFICATE OF ANALYSIS 

BATTELLE MEMORIAL INSTITUTE 
505 King Avenue 
Columbus, Ohio 43201 

Date: August 18, 1993 

ATTN : Karen Riggs Paqe: 1 of 2 

Work Order: 53-07-023 

This is the Certificate of Analysis for the following samples: 

Client Project ID: 58073/931032-SLA 
Date Received By Lab: 07/09/93 
Numb& of Samples: Three (3) 
Sample Type: Solid 

I. INTRODUCTION 

On July 9, 1993, three (3) solid samples were received at ITAS-Oak Ridge, 
Tennessee laboratory from Battelle Columbus Division, Columbus, Ohio. The 
list of analytical tests performed as well as date of receipt and analysis 
can be found in the attached report. 

The samples were labeled as follows: 

CLIENT SAMPLE ID JTAS SAMPLE RURRER 

APR2693COAL S3-07-023-01 
MAYO193COAL S3-07-023-02 
MAYO293COAL 53-07-023-03 
DUP APR2693COAL 53-07-023-04 
BLANK RESULTS 53-07-023-05 
SPIKE RESULTS S3-07-023-06 

Reviewed and Approved: 

Group Leader 

PARAMETERS REQUIRED 

List One 
List One 
List One 
List One 
List Two 
List Two 

Reviewed and Approved: 

Susan Aderholdt 
Project Manager 

JML/bav 

Any reproductions must be made of the complete data report. 

American Council 01 ,nde,,endent Laborotones 
lnternotmnai Assoc~Hmn ol Envmnmental Testing laboratories 

Amencan A5mCIQmn lo, Laboratoly Accleditamn 

lT Analytical Services. 1550 Bear Cmek Road, Oak Ridge. TN 37530 681-1-89 



BATTELLE MEMORIAL INSTITUTE 
Date: August 18, 1993 
Client Project ID: 58073/931032-SLA 

IT ANALYTICAL SERVICES 
OAK RIDGE, TN 

Page: 2 of 2 
Work Order: 53-07-023 

I. JNTRODUCTION (Continued1 

List One consists of: Lead 210, Radium 226, Radium 228, Thorium 230, 
Uranium 234, Uranium 235 and Uranium 238. 

List Two consists of: Cesium 137. 

II. ANALYTICAL RESLILTS/METBODOLOGY 

The analytical results for this report are presented by analytical tests. 
Each set of data will include sample identification, analytical results, 
data package including the raw data, and/or the appropriate detection 
limits. 

The analytical results reported relate only to those items tested. 

The samples were prepared for Gamma Spectrometry using ITAS Oak Ridge 
Standard Operating Procedure OR-7003, Revision 0 and counted using ITAS Oak 
Ridge Standard Operating Procedure OR-7212, Revision 0. 

III. QUALITY CONTROL 

QA/QC information was performed on the enclosed analytical data. The 
purpose of QA/QC information is to ensure the user that the data enclosed 
is scientifically valid and is used to assess the laboratory’s performance. 

IV. m(;, 3 PORMANCE 

There were no nonconformances associated with this work order. 

V. COMMENTS 

Gamma Suectrometrv Aualvsis: 

The client requested Thorium 232 and Thorium 228 to be analyzed by Gamma 
Spectrometry. These isotopes are being reported as Radium 228. The client 
also requested Polonium 210 to be analyzed by Gamma Spectrometry. This 
isotope is being reported as Lead 210. This is based on the assumption 
that the Thorium and Radium and the Polonium and Lead are in secular 
equilibrium. 

Uranium 238 is being reported from the 63 keV energy line from the Thorium 
234 assuming that the Uranium 238 and Thorium 234 are in secular 
equilibrium. 



2 -0uamG6 - IOIL. - 9 83-97-013 
iv*, 07,09,93 sumlts * &mph 

P-TIER 

m-210 

PA-216 

Pa-219 

Ta-230 

“-234 

“-135 

0-138 

mAcrIOLI gg TEPT COD9 M NAbc3 9029 +ca NmYrt data 
ht. ‘ Tim C0ll.EC.d not .mwzifid cxt.gory - 

REsuL!c 

4.37E-1 

2.168-l 

*.*m--1 

.A .01+0 

<1.3ll+1 

<1.5Z-1 

1.939-l 

1-SIOU ERROR UNlTB 
1.631-l aI9 
0.5811-1 pci/¶ 
LOU&1 pcil9 

WI9 
pcif9 
pcif9 

4.1314 Sib 



pw 3 -au- - weIrk - t 83-07-013 
b.miVd, 07,09,,J Bm.dt* by saapb 

SAmLE ID naToI9- laAmTON s -mm CODE s NAUE lox, to racart data 
mt. 1 Time Colhetd not ,Lvci*ied c.toqory caud 

PARamTm 

PB-210 

RA-216 

RA-ae 

TB-230 

u-13, 

u-235 

“-138 

RESULT 2-BIGYI ERROR 

<..3E-1 

*.*ll!+1 0.571-l 

1.251-l 0.81X-1 

c3.m+0 

<1.31+1 

<1.41-l 

<5.71-l 



mEwaTER 

Pe-210 

RI-226 

RI-22B 

m-130 

“-13. 

u-235 

U-238 

lRLCTION s !mST CODE gpJ NAac3 IDP to reDo* *ti 
mt. ‘ Tim. Coll~ctd nut .macifid c.t.ga-j cau 

RESULT 2-SICka EMOR 

<5.OE-1 

2.921-I 0.5914 

2.498-l 0.901-I 

4. a+0 

<I. SE+1 

4.8%1 

1.7714 3.67b1 



SAHPLE ID DIR lrpIu693cML 

PuuHBTgR 

PB-210 

RA-2x 

lu-228 

TX-230 

“-23, 

“-135 

U-238 

RBSULT 

<d.BE-I 

*.a&1 

2.531-I 

‘4. ox+0 

<l.m+I 

<1.11-l 

<5.31-1 

2-8nxn UlROR UKITS 
pcif¶ 

0.56E-1 pcil9 
1.02%1 P=i/g 

pcil¶ 
@I¶ 
pcilg 
pci/g 



6 -0AIlLmQ - “prlr 0I.d.r I SZJ-07-023 
ivad, 07,09,91 ru.mlta by -. 

LEID-RESULTS PP.AcTTON s TEST CODE a NNc3 lop to - data 
D.b ‘ Tima Cd1~Et.d not sraci*ie.i c*t.gory LIwm 

P-R RESULT 2-STOIU ERROR UNITS 

BP,-7186 cs-137 2.OBC1 DPY 



Page 7 rmitLax- - .ork order 4 53-07-013 

Fawivdr *,,oJ,93 lwmalt‘ by snpl. 

PIuw(ETBI RaSuLT 2-SICIVI ERAOR uNI!E 

89-J-7186 cs-117 

KNOWN s?.Ea+5 Dell 

POUND I.lbIC5 DPH 

IIORYILIIED DxvIxrION I.95 

(Ill s*Gnk, 



*a -au- - .orlr or&x # 113-07-023 
dvuli 07/09,93 ow1*,93 12121151 

--msTITmm 

Iu BPEcTnomY 

?AP.ED, 08,03,93 

XZEDI 08,17,91 
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ITAS Oak Ridge Laboratory 
Gamma Spectroscopic Analysis 

(OR-7003) 

port 2: summary of Positively Identified Nuclides Page: 1 
mple ID: B-93-7186 Acquisition Date : 17-AUG-1993 11:36:19 

Nuclide (pci / gram) 
Name LC Ld w Activity 2-Sigma Error 

BI-214 1.3E-02 2.93-02 1.7E-01 4.823-02 2.50E-02 ( 52%) 
M-226 l.OE-02 2.33-02 1.4E-01 1.973-02 1.753-02 ( 89%) 
TH-234 8.73-02 1.9E-01 8.7E-01 O.l8E-01 1.50E-01 (828%) 
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ITAS Oak Ridge Laboratory 
Gamma Spectroscopic Analysis 

(OR-7003) 

port 2: summary of Positively Identified Nuclides page: 1 
mple ID: B-93-7188 Acquisition Date : 19-AUG-1993 08:33:51 

Nuclide (pci / Liter) 
Name Lc Id w Activity a-Sigma Error 

PB-212 6.8E+OO 1.5E+Ql 6.7E+Ol O.O9E+31 l.OlE+Ol (---9) 
BI-214 1.2E+Ol 2.6E+Ol 1.4E+02 1.48E+Ol 1.95E+Ol (132%) 
U-234 2.3E+03 4.93+03 2.3E-FO4 3.78Ei03 3.613+03 ( 96%) 



APPENDIX D 

M A Q N T 



Metals Calculations: Mercury 

Test 
tuta 

Mercury flue gas loadings 

ESP Inlet (Location 10) 
1. Car flow rate, dry 
2. Gas flow rate, dry 
3. Mercury loading 
4. krcury emissions 
6. kcury e8irrionr 

BP Outlat (Location 12) 
6. Gas flow rata. dry 
7. Gas flow rata, dry 
0. Mercury loading 
9. krcury emissions 

10. krcury uiraions 

SNRB Inlet (Location 2) 
11. Oar flow rats, dry 
12. Gas flow rate, dry 
13. krcury loading 
14. krcury Missiona 
15. krcury missions 

SNRB Baghouse Inlet (Location 5) 
16. Iha flow rats. dry 
17. Gas flow rate, dry 
18. Mercury loading 
19. Lbrcury e~iuions 
20. Mercury aliasions 

SERB Outlet (Location 7) 
21. Gas flow rate, dry 
22. Gas flow rats, dry 
23. Mercury loading 
24. Mercury emissions 
26. krcury emissions 

dscf/min 
dsca/h 
ug/dsca 
Or 
Ib/hr 

drcf/min 
dsa/h 
ug/dsc# 
s/hr 
Ib/hr 

dscf/oin 
dew/h 
ug/dsc* 
slhr 
Ib/hr 

drcf/lin 
dscm/h 
ug/dscw 
s/hr 
Ib/hr 

drcf/lin 
dsca/h 
ug/drcO 
Mr 
Ib/hr 

U-l u-2 u-3 
4127193 4/20/93 4/30/93 

341246.3 340218.6 341152.2 
679792.09 588223.00 579832.21 

12.1596 11.5976 10.1201 
7.058 6.022 S.BB# 
.0165 .0150 .0129 

374433.2 373092.3 375306 
636178.16 636259.05 6378(10.98 

0.0043 9.6847 11.2116 
6.728 0.162 7.140 
.0126 .a130 .I158 

7544.0 7052.4 8004.2 
12818.939 13341.684 13599.479 

(1.1961 7.9234 14.1601 
.17942743 .10571065 .lP256998 
.00017510 .000233#5 .00042464 

8190.9 1009.0 OIIa.0 
13931.982 16069.831 16707.084 

7.29 9.4007 11.1198 
.1007282S .14168898 .18645329 
.0002221 .00031232 .00041106 

9614.8 9814.6 10068.0 
10188.15S 18875.4211 17106.983 

10.9941 11.14 15.0655 
.17773120 .18576425 .25772626 
.00039182 .00040953 .0005M)18 

Cowants 

Fra emissions calculations 
(#1/35.314)*60 
Frw metals analysis 
#2*#3/1030000 
)4~463.0 

Frw #missions calculatioru 
(#8/35.314)*60 
Frca metals analysis 

Frw aaisrionr calculations 
((11/35.314)*80 
From wtalr analysis 
#12*~13llfM094 
(14/453.6 

FIM emissions calculations 
(#13/35.314)*30 
Frw metals analysis 
(17*~18~100s000 
#19/453.6 

Frm risrions calculations 
((21/36.314)rOO 
Frca metals analysis 
#22*#23/1000000 
(24/45X6 

krcury nass balances 

Boiler Furnace 
26. Pulrorired fuel fired 
27. krcury in pulr. coal 
28. mrcury in pulr. coal 

29. Furnace mercury emission8 

31. Bottom ash 
31. Mercury in bottom ash 
32. Mercury in bottom ash 

33. Econonirer hopper ash 
34. Mercury in hopper ash 
35. krcury in hopper ash 

36. Total wrcury out 
37. krcury in - Mercury out 
30. lbrcury outlwrcury in 

Ib/hr 
w/q 
Ib/hr 

Ib/hr 

Ib/hr 
Yl9 
Ib/hr 

Ib/hr 
WIP 
Ib/hr 

Ib/hr 
Ib/hr 

128240 126240 126241 
.13 .13 .13 

.OlM112 .0164112 .0104112 .0164112 

.00737414 .110211174 .11798497 .01202523 

3529.7139 3529.7139 3529.7139 
I 

.0001 .080: ses: 00M 

1173.6898 1173.6898 1173.8098 

: ‘II,:::: 0 I .00010440 

.09707414 .01022994 .01798497 

.00853706 .0061812(1 -.0015738 
,400 ,623 1.196 ,733 

.32235490 

Fran Sheet 1 
FM analysis 
(20r(27~1000000 

Frca Shwt 1, w.nga 
Fro8 analysis 
(30*#31/1000000 

From Shed 1, rvsrrge 
From analysis 
#33*#34/lste000 



ESP 
39. ESP inlet mrcury emissions Ib/hr 

40. ESP outlet mercury missions Ib/hr 

41. ESP hopper pmticulate Ib/hr 
42. Yercury in SP part. u/s 
43. Narcury in ESP part. Ib/hr 

44. Total mercury out Ib/hr 
45. Nercury in - Mercury out Ib/hr 
40. Nercury out/mercury in 

Boiler and BP 
47. krcury.in pulr. co.1 lb/hr 
471.Uercury exiting to SNRB system Ib/hr 
47b Mercury entering from SNRB aystamlb/hr 
43. Total l srcury out (except #47r) Ib/hr 
49. Nercurr in - krcurr out lblhr 
50. krcu~ out/mercuryw in 

SNRB system 
51. SNRB system inlet mercury 

62. Ca(OH)Z injection 
53. Nercury in Ca(OH)Z 
64. Nnrcury in Q(OH)Z 

66. Baghouse discharge 
56. Mercury in brghoura dischrrpa 
57. Mercury in baghouse dischwgr 

60. SNRB system outlet nirsions 

69. Total mercury in 
60. Total nrcury out 
01. krcury in - keury out 
62. Narcury out/mercury in 

Ib/hr 

Ib/hr 
"s/s 
Ib/hr 

Ib/hr 
win 
Ib/hr 

lblhr 

Ib/hr 
Ib/hr 
Ib/hr 

.00707414 .01021074 .01790407 .01202520 

.01262061 .01356326 .01676060 .01390426 

11629.248 11629.249 11629.249 
.2623 .3822 .5103 

.00302412 .a0452177 .00566336 .00447642 

.01665273 .01606503 .02164426 
-.0#77766 -.0676663 -.0036593 

1.960 1.770 1.203 

.0164112 .0164112 .0164112 
.00017610 .00023306 .00042464 
.00039162 .00040953 .000saa1a 
.01565273 .01009623 .02164426 
.00097519 - .0015105 -.0050694 

,942 1.090 1.300 1.111 
.17076470 

.00017610 .00023305 .00042454 .00027756 

450 441 456 
: 0 0 

0 0 0 

a43 a43 a43 

: : 0 0 0 

.00039102 .00040963 .00050016 .00046661 

.00017510 .00023305 .00042464 

.00039162 .00040963 .00056616 
-.0002167 -.0001765 -.0001436 

2.236 1.757 1.330 

(#2-#22.#12)*()13)*(1/(1000000*45; 

#I0 

From Sheet 1, werqe 
Fro# analysis 
#23.(26/1000000 

f:;:;:: 
*44/*39 

156 
#32.#35+3*#40 
#47*#47b-(46~(47. 
(J46.(47r)/(#47*47b) 
STOS 

115 

From process data 
Fro0 analysis 
#52r#53/1000000 

From aheat 1, wer~gs 
From analysis 
(65*~56/1000000 

126 

#51.(64 
157.150 

tiijE 

Nercury Emission Factors 
63. Coal firing rata 
64. Coal heating value 
65. Firing rati 

Boiler witsions 
66. kcury e8irsions 
67. Mercury emissions 

BP Missions 
66. Ysrcury amissions 
69. krcury uiuions 

SNRB emissions 
70. Mercury e.iasions 
71. kbrcury emissions 

Removal Efficiencies 
72. ESP 
73. SNRB 

Ib/hr 126240 126240 126240 
k/lb 12621 12621 12621 
10~6 Btuh 1593.2760 1693.2750 1593.2750 

From Sheet 1 
Fran Sheet 1, rver~ga 
#631)64 

Ib/hr .00767414 .01021674 .01796497 
Ib/llrO 6tu 

((2~#22.(12)*((13)*(1/(1000000*453 
.0000049 .I000064 .0000113 .0000075 166/#65 

.00000332 

lb/hr .01262661 .01356326 .01576066 
Ib/lOra Btu .06000793 .00000051 .00000969 .00000670 

.00000101 

Ib/hr .00039162 .00040953 .I0056616 
lb/lOra 6tu .00001106 .00001127 .00001511 .00001246 

.00000226 

percent -60.3606 -32.7553 12.3664 
percant -123.7655 -76.7291 -33.6346 

(#67-(69)*100/#67 
((51+6)*100/~61 



Metals Calculrtions: Chrooium 

Test 
Date 

kbtal flue gas loadings 

BP Inlet (Locrtion 10) 
1. Gas flow rate, dry 
2. Gas flow rate, dry 
3. Metal loading 
4. Mat~l emissions 
5. Yst~l amiuions 

ESP Outlet (Location 12) 
a. Gas flow mtr, dry 
7. Gas flow rate, dry 
a. U&al loading 
9. Matal emissions 

10. Metal emissions 

SNRB Inlet (Location 2) 
11. 0~ flow rate, dry 
12. Gas flow rate, dry 
13. Metal loading 
14. Metal eaiaaions 
16. U&al emissions 

SNRB Baghouse Inlet (Location 6) 
16. Car flow rata. dry 
17. Cm flow r&o, dry 
10. Metal loading 
19. kbtll emissions 
20. U&l s~issions 

50RB Outlet (Location 7) 
21. Gas flow rats. dry 
22. Gas flow rate, dry 
23. ktrl loBding 
24. Metal emissions 
26. Yetal emissions 

dscf/min 
dam/h 
ug/dscm 
s/h? 
Ib/hr 

dscf/min 
drca/h 
ug/dscn 
slhr 
Ib/hr 

drcf/ain 
dam/h 
ug/dscm 
slhr 
Ib/hr 

dscf/min 
dscm/h 
ug/dscm 
slhr 
Ib/hr 

dscf/min 
dscn/h 
ug/dscm 
g/hr 
Ib/hr 

U-l u-2 Y-3 
4/27/93 4/29/93 4/30/93 

341240.3 346200.6 341152.2 
679792.094 566223.064 679632.214 

196. am 670. am 422.16 
113.623292 336.004794 244.697535 
.260271606 .740310393 .639466640 

374433.2 373092.3 375300 
636176 .I# 035269.047 637680.904 

.ia 2.11 1.00 
.l81766490 l.34039659 .aa3a73iia3 
.000224401 .002966019 .001616240 

7644.0 7052.4 0004.2 
i2616.9307 13341.6(143 13699.4790 

663.42 264.05 1402.91 
0.7607l906 3.53361329 19.0766450 
.019313755 .007769932 .042060946 

ai99.9 6069.6 sa6a.s 
13931.9017 is0a9.a307 16767.6042 

330.02 1142.40 4933.04 
5.41424071 17.2157746 62.7290710 
.0li93al70 .037953640 .1623633l4 

96l4.6 sei4.6 iOOaa.a 
16106.0531 16676.4202 17106.9031 

.*a 10.30 .w 
0 .172757416 .000066349 
0 .o003a0as0 .00000la00 

From missions calculations 
(#l/36.3l4)~60 
Frm natrls analysis 
#2r(3/l000000 
#4/463.6 

From emiuions calculations 
(#6/36.3i4)~60 
Frm mtals mmlysis 
#7~#a/i0eeae0 
#s/463.6 

Frw uisaiona calculations 
(#11/36.314)960 
From m&Is mrlyris 
#l2~#l3/l000000 
#14/453.6 

Frm emissions calculations 
(#i6/36.314)~60 
From l t~lr malyrie 
#i7~#1a/i0eaee0 
#19/453.6 

From risrions calculations 
(#21/36.314)rM 
From wtala malysis 
#22r#23/10000OO 
#24/453.0 

Chroaiua mss balances 

Boiler Fumce 
26. Pulverizad fuel fired 
27. U&al in pulr. coal 
26. ktal in pulv. coal 

29. Furnace metal emission8 

30. Bottom ash 
31. Metal in bottom ash. 
32. Metal in bottom ash 

33. Econo~irer hopper ash 
34. Metal in hopper ash 
36. Yetal in hopper ash 

Jo. Total metal out 
37. Metal in - Metal out 
36. Metal out/mst~l in 

Ib/hr 
"S/n- 
Ib/hr 

Ib/hr 

Ib/hr 
"PIP 
Ib/hr 

Ib/hr 
"P/S 
Ib/hr 

Ib/hr 
Ib/hr 

126240.0 126241.0 120240.0 
14.00 10.00 14.00 

1.76736 2.01904 1.76734 1.06162 

.aaa605362 .341607739 i.76i66672 .997290a0 

3529.71391 3629.71391 3629.71391 
102.3 116.4 111.6 

.36l069733 .407326966 .393663i0i .36732727 

ii70.aa9ao i17a.aa9a0 il76.66960 
122.6 120.9 116.5 

.144743106 .142603697 .136136672 .14112040 

i.37433ais .**i340322 2.31166050 
.393021607 1.12649960 -.54420060 
.777622099 .441292639 1.30791717 .04227727 

.4369l507 

Frw Sheet 1 
Frw analysis 
#2a~#27/is00000 

(#2-#22.#12)r(#13)*(1/(1000000r463.6) 

From Sheet 1, w.r~~ 
From analysis 
#30*#3l/l000000 

Frm Sheet 1. wer~~ 
From anrlyais 
#33*#34/1000000 



39. DP inlet n strl emissions 

49. DP outlet 9strl missions lb/h? 

41. BP hopper particulate Ib/hr 
42. Ystrl in ESP part. "S/S 
43. ktal in ESP part. Ib/hr 

44. Total metal out 
45. ktll in - Uetrl out 
46. Metal out/metal in 

Ib/hr 
Ib/hr 

Boiler and ESP 
47. Metal in pulr. cml 
47~.ktrl exiting to SNRB system 
47b Metal entering from SNRB system 
46. Total l etll out (except 147.) 
49. Netal in - Uetrl out 
50. Lbtrl out/metal in 

SNRB system 
51. SNRB system inlet metal 

52. Ca(OH)Z injection 
53. U&l in Ca(OH)Z 
54. hbtal in Ca(OH)Z 

55. Baghouse discharge 
56. Uetrl in bsghouse discharge 
57. Metal in baghouse discharge 

56. SNRE system outlet emissions 

59. Total metrl in 
60. Total metml out 
ai. Uet~l in - U&al out 
62. Metal out/mtal in 

Ib/hr 

Iyk 
Ib/hr 
Ib/hr 

Ib/hr 
"SIP 
Ib/hr 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.aaa505362 .341507739 l.76165672 .s972s0a0 

.000224401 .002955819 .001516240 .001S6669 

11529.2495 11529.2496 11529.2496 From Sheet 1, wsrqe 
124.5 124.3 122.3 From malysis 

1.43539166 1.43303671 1.41002721 1.4261602 #23.#25/l000000 

1.4356l596 1.43604073 i.41154546 
-.56711061 -1.0945330 .370313271 
1.66297307 4.20500201 .792175062 

l.76736 2.01964 1.76736 
.019313755 .007769932 .042060S46 

0 .0003a0a5a .00000laaa 
1.94144600 1.96567331 1.94124723 
-. i9340256 .0265576l4 - .2l694629 
l.i0943020 .9aaa64l04 i.i2216566 l.0726233 

.07472420 

.ei93i3766 .007769932 .0420a0s4a .023054aa #lb 

450 441 456 From process data 
1.3 1.3 1.3 From malysis 

.000505 .0005733 .0005954 .00660467 #52r#53/l000000 

643 043 643 
31.4 31.9 34.6 

.0264702 .02669l7 .0293364 .0276661 

0 .0003a0a5a .00000i0aa .000l275a 

.0i9asa765 .00a3a3232 .042a6a34a 
.0264702 .027272666 .02933a2aa 

-.00667146 -.01090933 .013310060 
1.330 3.261 .a** 

(#2-#22.#12)*(#13)*(1/(1000000* 

#I* 

#40+#43 

t:ijfZ 

From Sheet 1, wsr~ga 
From malysis 
#55~#5a/i0eeee0 

f25 

Chromium Emission Fxtws 
63. Coal firing rata 
64. Carl heating value 
66. Firing rata 

Boiler emissions 
66. Metal smissions 
67. Yetal emissions 

ESP enisrions 
66. Metal emissions 
as. U&al emissions 

SNRB amirsions 
70. Yetal emissions 
71. Metal emissions 

Ib/hr i26240 i26240 126240 
&u/lb izazi 12621 12621 
10~6 Btuh 1593.27604 1693.27504 1693.27504 

Ib/hr .066505352 .341507739 1.73166072 
lb/Mr6 Et" .000545107 .000214343 .001116362 .00062594 

.00046740 

Ib/hr .000224401 .002955019 .001516240 
Ib/l#r6 0tu .000000141 .000001656 .0E0000963 .00000096 

.0a0000aa 

Ib/hr 0 .0003a0a5a .00000iaa6 
Ib/10*6 0tu 0 .000010479 .00000005O .00000351 

.00000a04 

Removal Efficiencies 
72. OP 
73. SNRS 

percent 
psrcant 

99.9742 99.1347 ss.si4a 
100.0000 95.1109 99.9965 

From Sheet 1 
Fran Sheet 1, rrerqe 
#63*#64 

(10 
faelfas 

125 
~f7*/f*5~~~01-f21~f11~/f11~ 

(#a7-#ao)~ia0/#a7 
(#51-#50)*100/#51 



Metals Calculations: Cadmium 

Tort 
Data 

U&al flus grs loadings 

ESP Inlst (Location 10) 
1. Gas flow rats, dry 
2. Gas flow rate, dry 
3. Metal loading 
4. ktal emissions 
a. Metal emissions 

ESP Outlet (Location 12) 
6. Gas flow rats, dry 
7. Gas flow rats, dry 
6. Natal loading 
9. MaI emissions 

10. U&al missions 

SNRS lnlst (Location 2) 
11. Gas flow rate, dry 
12. Gas flow rate, dry 
13. MaI loading 
14. Metal emissions 
1s. Uetrl *missions 

SNRE Baphouso Inlet (Location 
16. Gas flow rate, dry 
17. Gas flow rata, dry 
16. ktal loading 
19. Metal emissions 
20. Yetal slissions 

SERB Outlet (Location 7) 
21. Gas flow rate, dry 
22. Gas flow rate, dry 
23. ktal loading 
24. ktrl amissions 
25. Uetal emissions 

Y-l u-2 u-3 
4/27/93 4/29/93 4/30/93 

Colaents 

5) 

dscf/nin 
dscm/h 
ug/dscm 
slhr 
Ib/hr 

dscf /0 i n 
dscm/h 
ug/dscm 
g/hr 
Ib/hr 

dscf/lin 
dscm/h 
ug/dscm 
g/hr 
lbjhr 

dscf/min 
dscm/h 
ug/dscn 
slhr 
Ib/hr 

dscf/min 
dscm/h 
ug/dscm 
g/hr 
Ib/hr 

341246.3 346206.5 341152.2 
679792.09 6aa223.0a 679632.21 

.Sl 6.66 3.37 
.62761001 3.3293427 1.9533606 
.00iia3ia .00733962 .00430635 

374433.2 373692.3 376306 
a3a17a.0a 635259.05 a37aa0.9a 

0 0 

: 
0 : 
0 0 

7544. a 7652.4 6004.2 
12610.939 13341.564 13599.479 

7.4 1.40 12.63 
.094aa016 .01947aa0 .17446132 
.00020913 .00004294 .00036466 

0199.9 aaa9.a 9aaa.9 
13931.962 160a9.a31 1a7a7.aa4 

3.96 3.26 .*a 
.05544929 .04697696 0 
.00012224 .00010797 0 

9514.0 9614.6 iOOaa.a 
16166.053 16676.426 17106.963 

.33 1.10 .la 
.00633460 .mia34297 .0m307926 
.0000l176 .00004044 .00000679 

From mmissions crlcul&ions 
(#1/35.314)~60 
From metals analysis 
#2*#3/1000000 
#4/453.6 

From emissions calculations 
(#6/35.314)~60 
From wtals analysis 
#7r#6/l000000 
#S/453.0 

From omissions calcul&ions 
(#11/35.314)~60 
From 0atrls analysis 
#12*#13/1000000 
#14/463.6 

Fro0 anissions calculations 
(#16/35.314)~60 
Frw metals analysis 
#17r#1a/10ee000 
#19/453.6 

From emissions calculations 
(#21/36.314)*60 
Frar n etrls analysis 
#22*#23/1000000 
#24/453.6 

Cadmium MISS balances 

Boiler Furnace 
26. Pulwrized fuel fired 
27. U&al in pulr. coal 
26. Uetrl in pulr. co.1 

29. Furnace netal omissions 

30. Both ash 
31. Metal in bottom ash 
32. U&al in bottom ash 

33. Economirer hopper ash 
34. Yetal in hopper ash 
35. Metal in hopper ash 

36. Total l&.ll out 
37. U&l in - Metal out 
36. Metal out/wtal in 

lbjhr 
“S/S 
Ib/hr 

Ib/hr 

Ib/hr 
“S/O 
Ib/hr 

Ib/hr 
“P/S 
Ib/hr 

Ib/hr 
Ib/hr 

126240 126240 126240 
.I0 .00 .#I 

0 0 I I 

.00940400 .00166256 .01629569 .00919409 

3529.7139 3529.7139 3529.7139 
3.0 2.6 2.9 

.01060914 .00917726 .01023617 .01000066 

1170.6696 1170.6096 117a.a0sa 
2.6 16.4 4.3 

.00294672 .02166769 .0060aa37 .00990099 

.02293996 .a3274773 .03160013 
-.0229400 -.0327477 - .0316~01 

Frm She& 1 
From analysis 
#2a~#27/1eeee00 

(#2-#22*#12)*(#13)t(1/(10000001453.6)) 

From Sheet 1, wwqe 
From analysis 
#30r#3l/l000000 

From Sheet 1, werq. 
Frm analysis 
#33*#34/l000000 

f;g3#35 

fwf20 



3g. BP inlet metal emissions 

40. ESP outlst metal emissions 

41. DP hopper pwticulzte 
42. M&l in ESP part. 
43. Uotll in ESP part. 

44. Total n atrl out 
45. U&al in - Ystll out 
46. Metal out/eta1 in 

Ib/hr 

Ib/hr 

Ib/hr 
"S/S 
Ib/hr 

Ib/hr 
Ib/hr 

Boiler and ESP 
47. Metal in pulv. coal Ib/hr 
47a.bbta1 exiting to SNRB systm Ib/hr 
47b Metal entering from SNRS system Ib/hr 
46. Total metrl out (except #47a) Ib/hr 
49. YetAl in - Netal out Ib/hr 
50. hbbl out/*strl in 

SNRE system 
61. SNRE system inlet m&l Ib/hr 

52. Ca(OH)Z injection 
53. Metal in Ca(OH)Z 
64. U&l in Ca(OH)Z 

Ib/hr 
w/s 
Ib/hr 

65. Baghouse discharge 
56. Metal in brghouse discharge 
57. Metal in brphouse diachwps 

Ib/hr 643 043 643 
"PIP 

From Sheet 1, wera@ 
0 0 0 From analysis 

Ib/hr 0 0 0 0 #55~#5a/iee0e00 

56. SNRE system outlet emissions Ib/hr 

59. Total metal in 
60. Total ntrl & 
ai. kbtrl in - lbtal out 
62. Metal out/nrtrl in 

Ib/hr 
Ib/hr 
Ib/hr 

.00s4040a .00iaa25a .0ia29559 .009l9409 

0 0 0 0 

11529.249 11529.249 11529.249 
1.3 1.5 .a 

.01496602 .01729367 .00922340 .01363510 

.01496602 .01729367 .00922340 
-.0055639 -.0164113 .00707219 
l.69377al 9. iaa2a2a .5aa005a4 

.0002091: .0000420’ .0003646i 

.00001176 .00004044 .00000679 

.02652369 .04al5902 .a2452794 
-.02672i3 -.04616i5 -.0249056 
2443.8725 1191.9776 3669.6312 

.00020913 .00004294 .00036466 .00021224 

460 441 456 
0 0 0 
0 I 0 0 

.00001176 .00004044 .00000679 .00001S66 

.00020913 .00004294 .00036466 

.00001176 .00004044 .00000679 

.00019737 .00000260 .00037767 

.05623655 .94ia9447 .0i7a4a0a 

(#2-#22.#12)r(#13)r(l/(lE00000*45 

#I* 

Froa Sheet 1, wsrrgs 
From analysis 
#23.#25/l000000 

#40+#43 

#ii 

020 
.~~ fsa 
#32.#35.#43.#40 
#47.#47b-#46-(471 
(#46.#47~)/(#47.47b) 

115 

From process data 
Frm analysis 
#S2i#63/l000000 

#25 

Cadmium 6ission Fxtors 
63. Coal firing rate 
64. Coal heating value 
05. Firing rate 

Boiler smissions 
66. Metal emissions 
67. Metal emissions 

5P emissions 
66. Metal emissions 
as. Metal snissions 

SNRB emissions 
70. Yatal emissions 
71. U&al amissions 

Removal Efficiencies 
72. ESP 
73. SNRB 

Ib/hr i26240 126240 i26240 From Sheet 1 
k/lb 12621 12621 i262i From Sheet 1, rveriw 
iore 6tuh 1693.2750 1693.2750 1693.2750 #63*#64 

Ib/hr .00940400 .00166250 .01629669 
lb/M*6 6tu .00000590 .00000110 .00001023 .00000S77 

.00000462 

Ib/hr a I I 

Ib/lO*LI Btu 0 0 0 : 

Ib/hr .00001176 .00004044 .00000679 
Ib/l#r6 WA .0000fl033 .00000111 .00000016 .00000054 

.00000051 

percent 
percent 

100.0000 100.0000 100.0000 (#a7-#a9~rl00/#a7 
94.3761 6.0306 96.2352 ((St-#50)rl00/#51 

(#2-#22.#12)r(#13)~(1/(1000000r463 
fealtaa 



ktalr Calculations: Nickel 

Test 
Data 

Metal flus par loadings 

BP Inlet (Location 10) 
1. Gas flow rata, dry 
2. Gas flow rate, dry 
3. kktrl loading 
4. kbtal missions 
6. Metal enisaions 

DP Outlet (Location 12) 
6. Gas flow rate, dry 
7. Gas flow rate, dry 
0. Metal loading 
9. Yetal emissions 

10. U&al emissions 

SNRB Inlet (Location 2) 
11. Gas flow rate, dry 
12. Gas flow rate, dry 
13. Metal loading 
14. Metal e*irsions 
15. U&al emissions 

SNRB Baghouse Inlet (Location 6) 
18. Gas flow rate. dry 
17. Gas flow rate, dry 
10. Lbtal loading 
19. Uatrl emissions 
20. U&al emissions 

SERB Outlet (Location 7) 
21. Oar flow rate, dry 
22. Car flow rata, dry 
23. Metal loading 
24. Metal emissions 
25. Metal emissions 

dscf/ain 
dscn/h 
ug/dscm 
s/hr 
Ib/hr 

341240.3 340200.5 341152.2 
679792.09 600223.00 679632.21 

69.03 313.00 152.96 
40.400002 104.10000 S4.451009 
.00925679 .40699042 .20022640 

dscflain 
drcm/h 
ug/dscm 
s/h? 
Ib/hr 

374433.2 373092.3 376305 
630170.00 035259.06 037000.SO 

.1 .23 .w 
0 .14010960 0 
0 .00032211 0 

dscf/min 7544.0 7062.4 0004.2 
dscm/h 12010.939 13341.604 13599.479 
ug/dsca 309.69 160.72 000.41 
s/hr 3.9000162 2.0100400 9.0900277 
Ib/hr .00074916 .00443307 .02003974 

dscf/ain 0199.9 0000.0 9000.9 
dscm/h 13931.902 16069.031 15767.604 
ug/dscw 100.40 793.20 205.50 
slhr 2.6133296 11.964294 4.7886163 
Ib/hr .00564006 .02035426 .01066009 

dscf/min 
dm/h 
ug/drcm 
s/hr 
Ib/hr 

9614.0 9014.0 10000.0 
16150.063 lM75.420 :::0(l.s03 

2.49 OS.77 .00 

.04025347 1.4002770 .00000074 .00320340 : 

U-l u-2 u-3 
4/27/93 4/29/M 4/30/93 

From emissions calculations 
(#l/36.314)*60 
From metals analysis 
(2*#3/1000000 
(4j453.6 

FM uiuions calculations 
(#0/36.314)*00 
From metals snalyaia 
#7*#0/1000000 
#S/463.0 

Fro8 emissions calculations 
(#11/36.314)*00 
From wrtals analysis 
(12*tl3/1000000 
(14/453.0 

From emissions calculations 
(#16/36.314)r(l0 
From matala analysis 
#17*#10/1000000 
#lS/463.6 

From uiasionr calculations 
(#21/36.314)*60 
Frw metals analysis 
#22*#23/1000000 
(24j463.0 

Nickel mss balances 

Boiler Furnace 
26. Pulvrrized fual firad 
27. Metal in pulv. fuel 
20. Uatal in pulv. fwl 

29. Furnace natal emissions 

30. Bottom ash 
31. MaI in bottom ash 
32. Metal in bottom ash 

33. Econoairer hopper ash 
34. U.&al in hopper ash 
35. Metal in hopper ash 

30. Total metal out 
37. Metal in - Metal out 
30. k&al out/metal in 

Ib/hr 
w/s 
Ib/hr 

Ib/hr 

Ib/hr 
hlls 
Ib/hr 

Ib/hr 
USIS 
Ib/hr 

Ib/hr 
Ib/hr 

120240 120240 120240 
7 s 0 

.00300 1.13010 1.00992 1.00992 

.39343300 .19434414 .04096037 .47091213 

3529.7139 362p.7139 3629.7139 
42.1 75.3 46.4 

.14000000 .20570746 .16024901 .19154601 

1170.0090 1170.0090 1170.0090 
60.9 69.2 40.3 

.05999631 .00977044 .05093072 .00223402 

.60203013 .62991004 1.0651301 

.201MS07 .00624SSO -.0562101 

.00127010 .46040441 l.ObSE6SS .73444003 
.29020700 

Froa Shaat 1 
Frw malyria 
#2Er(27/1000000 

(#2-(22*(12)*((13)r(1/(1000000r463.0)) 

Frw Sheet 1. w.ra~a 
From analysis 
(30*#31/1000000 

Frm Shaat 1, w.r.~a 
Frw analysis 
~33*#34/1s00000 



3s. 0P inlet netal missions Ib/hr .39343366 .19434414 .04096037 .47691213 

40. DP outlet lotat emissions Ib/hr 0 .00032211 0 .00010737 110 

41. DP hopper psrticulata 
42. Mats1 in ESP part. 
43. Mets1 in BP part. 

Ib/hr 
ds 
Ib/hr 

11629.249 11529.249 11529.249 From Sheet 1, rrsrage 
52.2 69.7 69.1 Fras analysis 

.60102602 .60029619 .60137064 .65716722 (23.#25/l000000 

44. Total metsl out 
45. Uetsl in - Nets1 out 
46. Ustsl out/sstsl in 

Ib/hr 
Ib/hr 

.60102602 .60061031 .60137064 
- .2003930 -.4942742 .16767973 
1.6296772 3.6432933 .00260640 

(40.(43 
(39-144 
#44/#39 

Boiler and DP 
47. Ustsl in pulr. fuel 
47r.Ustsl exiting to SNRB system 
47b Ustsl entering from SNRB system 
40. Total metal out (arcspt 1471) 
40. Metal in - Netal out 
50. Metal out/metal in 

SNRB system 
51. SNR6 system inlet matal 

52. Ca(OH)2 injection 
63. MaI in Cs(DH)P 
64. Metal in Ca(OH)2 

55. Baghousa discharge 
56. U&al in baghouse discharge 
57. U&al in baghouse discharge 

50. SNRg system outlet emissions 

59. Total metal in 
60. Total metal out 
61. Metal in - tbtal out 
62. !&ta1 out/metal in 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
lblhr 

Ib/hr 

Ib/hr 
+S 
Ib/hr 

Ib/hr 
da 
Ib/hr 

Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.00360 1.13616 1.00992 
.00674g16 .00443307 .02003974 
.00000074 .00326340 0 
.01042309 1.0241042 .09055037 
.06459650 .11000613 .09132160 

,927 ,903 .Sl# .SlJ 
.01246290 

.60074916 .00443307 .02003974 .01107399 

460 441 450 

0 0 0 0 : 0 

043 043 643 
12.0 19.2 12.0 

.010116 .0161066 .010116 .01213S2 

.00000074 .00326340 0 .00111730 

.00674916 .00443307 .02003974 

.01020474 .01S44S00 .010116 
-.0014666 -.0160169 .00992374 
1.1663693 4.3072527 .6047g600 

(16 
From process data 
Fran analysis 
(52r(53/l00E000 

Frw Sheet 1, awrrgs 
From analysis 
#55*#56/l000000 

(25 

Nickel fiission Factors 
63. Coal firing rate 
64. Coal heating value 
66. Firinq rate 

Boiler uissionr 
66. Metal sairsions 
67.,Lbtsl esissionr 

ESP missions 
60. Ystal emissions 
69. kktsl emissions 

SNRB emissions 
70. Metal emissions 
71. Metal emissions 

Rsmovrl Efficiencies 
72. ESP 
73. SNRB 

Ib/hr 126240 126240 126240 
6tu/lb 12621 12621 12621 
lOr6 Btuh 1693.2750 lSS3.2760 lSS3.2760 

Ib/hr .39343306 .19434414 .040S6037 
Ib/lleO Btu .00024693 .00012190 .00063204 .000300M) 

.00021062 

Ib/hr 0 .00032211 0 
Ib/l#r6 Btu 0 .000E0020 0 .00000607 

.00000012 

Ib/hr .00000074 .00326340 Ib/l#t(l 6tu .00000260 .00000S7S : .00003077 
.06006113 

pwcsnt 
percent 

100 00.034257 
S0.S05706 26.305134 

From Sheet 1 
From Shed 1, awraqe 
#63*#64 

(#2-#22.#12)~((13)r(1/(1000000,453 
#WW 

#lo 
#68/#65 

125 
(#70/#65)*((#1-#21*#11)/#11) 

(#67-#09)*100/#67 
(#El-#60)r100/#61 



N&Is Calculations: Barium 

Tort 
Data 

Yetrl flue gas loadings 

BP Inlet (Location 10) 
1. 0,s flow rate, dry 
2. Gas flow rata, dry 
3. ktal loading 
4. Natal aairsions 
5. ktsl amissions 

ESP Outlet (Location 12) 
6. Css flow rata, dry 
7. 0,s flow rats, dry 
0. ktsl lading 
9. Netal emissions 

10. Metal emissions 

SNRE Inlet (Locstion 2) 
11. Oar flow rate, dry 
12. Gas flow rate, dry 
13. Metal loading 
14. ktal amissions 
15. ktsl eaiasions 

SNRB gaphouse Inlet (Locrtion 6) 
16. Gas flow rsts, dry 
17. 03s flow rrk, dry 
10. MaI loading 
19. Metal e~irrionr 
20. Ystsl eairrions 

SERB Outlet (Location 7) 
21. Gas flow de, dry 
22. Gas flow rata. dry 
23. ktal loading 
24. Nets1 missions 
25. Metal emissions 

dsef/min 341246.3 346200.5 341152.2 From e0irsionr calculations 
dsem/h 679792.09 500223.00 579632.21 (#1/36.314)r60 
ugldscm 332.95 059.24 060.49 
s/h 

From matsIs snrlysis 
193.04170 505.42400 490.76772 

Ib/hr 
#2r#3/l000000 

.42657711 1.1142622 1.0096761 #4/453.6 

drcf/min 
drcm/h 
ug/dscm 
slhr 
Ib/ht 

374433.2 373092.3 375306 
636170.06 635269.05 637660.S0 

0 3.41 0 
0 2.1662334 0 
0 .80477665 0 

From emissions calculations 
(#6/35.314)t60 
Fran netalr analysis 
#7r#0/l000000 
#S/463.6 

dscf/sin 7544.0 7052.4 0004.2 
drcm/h 12010.939 13341.664 13599.479 
ug/dscO 926.65 739.67 2964.73 
slhr 11.066051 S.0663540 40.310703 
Ib/hr .02615920 .02175663 .00000621 

Fro0 emissions calculations 
(#11/35.314)rOO 
From wtals analysis 
#l2r#l3/l000000 
#14/463.6 

dacf/min 0199.9 006S.6 9060.9 
dscm/h 13931.962 15069.031 16767.604 
ug/dscm 217.65 137.21 92.09 
slhr 3.0350022 2.0677316 1.6676602 
Ib/hr .0006S1l0 .0046504S .00343375 

From uissions calculstions 
(#16/36.314)r60 
From mitsls anslysir 
#l7r#l0/l000000 
#lS/453.6 

drcf/min 
drcm/h 
ug/dscm 
s/h? 
Ib/hr 

9514.0 9014.6 10060.6 
16166.053 16675.426 17106.903 

.#I .30 .I# 
0 .00500263 8 
0 .00001103 0 

From asirsianr crlculstions 
(#21/35.314)r60 
From wtalr malyrir 
#22t#23/l000000 
(241463.6 

U-l u-2 
4127193 4/29/93 4/30$ 

garius mass balmcas 

Boiler Furnace 
26. Pulveriznd fuel fired 
27. Metal in pulr. cosl 
20. Metal to furnrca 

Ib/hr 
ws 
Ib/hr 

29. Furnace mats1 emissions Ib/hr 

30. Bottom rrh 
31. U&al in bottom ash 
32. Metal in bottom ash 

Ib/hr 
"D/S 
Ib/hr 

33. Economizrr hopper srh Ib/hr 
34. Mets1 in hopper ash "SlS 
36. ktsl in hopper ash Ib/hr 

36. Tots1 metal out 
37. Metal in - Yatrl out 
30. Metal out/metal in 

Ib/hr 
Ib/hr 

126240 126240 126240 
51 

5.60:: 6.43024 6.607:: 6.97636 

1.1763366 .95375004 3.7655516 1.9652157 

3529.7139 3529.7139 3529.7139 
102.0 212.1 147.4 

.64523170 .74065232 .62027903 .6300b462 

From Sheet 1 
From analysis 
#26r#27/l000000 

Fra Sheet 1, arerrge 
From analysis 
#30~#3l/l000000 

Frm Shwt 1, sverqe 
From analysis 
#33r#34/l000000 

1170.60S0 1170.60S0 1170.60S0 
171.1 219.6 170.3 

.20167303 .2b004020 .21016039 .22356017 

2.0232422 1.9612614 4.495SSlO 
3.6675670 4.476S006 1.3110402 
.36615444 .30402640 .77423126 .47033703 

.26764300 



BP 
39. ESP inlet metal missions Ib/hr 

40. ESP outlet metal emissions lb/h? 

41. ESP hopper particulate 
42. U.&al in DP part. 
43. Net.1 in OP part. 

Ib/hr 
"g/P 
Ib/hr 

44. Total metal out 
45. Uetal in - Metal out 
46. Metal out/metal in 

Ib/hr 
Ib/hr 

Soiler and BP 
47. u&,ll to furmce 
47s.Wsl exiting to SNRB system 
47b ktsl entsrinq fro0 SNRB system 
40. Total metal out (sxcspt 1471) 
49. Metal in - Metal out 
SO. Metal out/metsl in 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

SNRB system 
61. SNRg syatea inlet metal Ib/hr 

52. C*(W)2 injection Ib/hr 
63. Metal in Ca(OH)2 w/g 
54. MaI in Ca(OH)2 Ib/hr 

55. gaghouse discharge Ib/hr 
56. Lbtal in brghouso discharge "do 
57. Yetal in bsghouss discharge Ib/hr 

SO. SNRB system outlat emissions Ib/hr 

59. Total natal in Ib/hr 
60. Total natal out Ib/hr 
61. Metal in - U&al out Ib/hr 
62. Mets1 out/metal in 

1.1763366 .95375004 3.7655516 1.9652167 

0 .00477566 0 .00l69100 

11529.249 11529.249 11529.249 
232.5 244.6 247.2 

2.6005505 2.0200544 2.6500305 2.7635461 

2.6005605 2.0240301 2.0500305 
-1.504214 -1.071071 .S1552114 
2.2707274 2.9617666 .76686932 

5.6000 6.43024 5.00704 
.02616920 .02176663 .O0000621 

0 .00001103 
3.5274560 3.0323227 3.600470: 
2.1271047 2.5041727 2.1376031 
.62554039 .6S0621S4 .63100077 .61060370 

.0l766014 

.02615920 .02175563 .00000621 .04660037 115 
450 441 450 Fran process data 

14.1 11.6 16.1 From analysis 
.006345 .0051156 .0069168 .00612547 #52r#S3/l00000O 

(10 
From Sheet 1, average 
Frw anrlysir 
#23.#25/l000000 

f::$: 
#44/#39 

f:! 
j50 
#32+#35*#43.#40 
#47.#47b-#46-(478 
(#40.#47a)/(#47.47b) 
STD3 

043 043 043 Frca Sheet 1, wwsga 
8.1 9.0 0.2 Frw analysis 

.0060203 .007607 .0060126 .0071003 #55r#56/l000000 

0 .00001l03 0 .00000360 

.03250420 .02667123 .0S500201 
.0060203 .0076P603 .0069126 

.02567596 .01927320 .06036941 

.21007306 .202766SS .07216500 

#25 

#51.#54 
#57+#50 

Barium Emission Factors 
63. Coal firing rate 
64. Coal heating value 
66. Firing rate 

Boiler a~issionr 
66. ktal emissions 
67. ktsl missions 

DP missions 
60. ktsl missions 
69. ktsl missions 

SNRB saisrions 
70. ktsl emissions 
71. U&al emissions 

Removal Efficirncias 
72. E3P 
73. SNRB 

Ib/hr 126240 126240 126240 
6tu/lb 12621 12621 12621 
10rO 6tuh 1693.2760 1693.2750 1593.2760 

Ib/hr 1.1763366 .(15375064 3.7655516 
lb/l#tO 6tu .00073031 .00059062 .00236340 .##I23344 

.00090106 

Ib/hr 0 .00477566 0 
lb/lOtO gtu 0 .06E00300 0 .00000100 

.00000173 

Ib/hr 6 .00061103 0 
Ib/l#~O Et" 0 .00000030 0 .00000010 

M00O018 

percent 100 99.499202 100 
percent 100 99.949300 100 

From Sheet 1 
From Sheet 1, warsga 
(63rJ64 

(#67-#6S)r100/#67 
(#El-#50)*100/#51 



U&It Cslculations: Cobalt 

Test M-l u-2 u-3 
Date 4/27/93 4/29/93 4/30/93 

U&al flue gsr loadings 

BP Inlet (Location 10) 
1. Gas flow rata, dry 
2. Gas flow rate, dry 
3. U&al loading 
4. lktal amissions 
5. Uetrl esirrions 

ESP Outlet (Location 12) 
6. Gas flow rate, dry 
7. Oar flow rste, dry 
6. Yetal loading 
9. Metal emissions 

10. ktal emissions 

dscf/sin 341246.3 346200.5 341152.2 From emissions crlculrtions 
dm/h 579792.09 500223 .#B 679632.21 
ug/dscm 22.67 

(#1/35.314)~60 
96.60 01.02 

s/h, 13.143007 56.069406 47.425500 
From metals analysis 
#2r#3/l000000 

Ib/hr .020S7602 (12537347 .10455359 #4/463.6 

dscf/min 374433.2 373092.3 375306 
dscn/h 636170.06 635259.05 637660.S0 
ug/drca .#O .#I .I0 
s/h, 0 
Ib/hr 

: 0 
0 0 

SNRB Inlet (Location 2) 
11. Gas flow rate, dry 
12. Car flow rata, dry 
13. Metal lordinq 
14. Ustrl 8missions 
15. U&al *missions 

SNRB Baghouse Inlet (Location 5) 
16. Gas flow rate, dry 
17. Gas flow rats, dry 
10. l&tat lading 
19. U&al emissions 
20. Yetal enirsions 

dscf/min 7544.0 7052.4 0004.2 Fra missions cslculations 
dscs/h 12010.S39 13341.564 13599.479 
ug/drcm 

(#11/36.314)r60 
126.60 44.64 303.20 

s/h, 1.6226213 .59423327 4.1244600 
From metrls analysis 

Ib/hr 
#l2r#l3/l000000 

.00367721 .00l31004 .00S0S270 #14/453.0 

SERB Outlet (Location 7) 
21. 0,s flow rate, dry 
22. Car flow rata. dry 
23. U&al loading 
24. Metal eaisaions 
25. U&al missions 

dscf/lin 0199.9 606S.6 9060.0 From missions crlculstions 
drcn/h 13931.902 16089.031 16767.604 
ug/dscn 77.27 

(#16/35.314)r60 
267.20 113.33 

g/h, 1.0766242 
From metals snslyrir 

4.0266508 1.9002617 
Ib/hr 

#17r#l0/1000000 
.00237329 .00607711 .00410S33 #lS/463.6 

dscf/min 9514.6 9014.6 l0060.6 From missions calculstions 
dam/h 16166.053 10676.426 17106.903 
ug/drcm .I 

(#21/35.314)~60 
2.69 .00 

g/h, 
From IotaIs analysis 

0 .04405696 0 #22r#23/l0O00O0 
Ib/hr 0 .0000s60s 0 (241453.6 

Couents 

From emissions calculations 
(#6/36.314)r60 
From metals analysis 
#7r#6/l000000 
#S/453.6 

Cobalt mass balmcas 

Boiler Furnace 
26. Pulverized fuel firsd 
27. U&al in pulv. coal 
20. U&al to furnace 

Ib/hr 
"g/s 
Ib/hr 

29. Furnace metal emissions Ib/hr 

126240 126240 126240 
2 3 

.26240 .37072 .262: .29466 

.16006066 .06743150 .30620004 .20116437 

From Sheet 1 
From analysis 
#26r#27/l000000 

(#2-#22.#12)*(#13)r(1/(1000000t453.6)) 

30. Bottom ash Ib/hr 3529.7139 3529.7139 3529.7139 From Shoot 1, cwwa~e 
31. Uatal in bottom rrh "PIP 7.0 24.7 16.6 

Ib/hr 
From mslysis 

32. Metal in bottom ash .02753177 .00710393 .05024020 .05766lSS #30*#3l/l000000 

33. Econonizsr hopper ash Ib/hr 1170.60S0 l170.60S0 1170.60S0 
34. Uetrl in hopper ssh "S/S 

Fro0 Sheet 1, svsraq. 
13.4 22.0 11.1 

35. Natal in hopper ash Ib/hr 
From snslysis 

.01579444 .62663339 .01300346 .01060543 #33*#34/l000000 

36. Total metal out 
37. U&al in - Yetal out 
30. U&al out/met*1 in 

Ib/hr 
Ib/hr 

.20410669 .17125391 .45652460 

.04029311 .20746609 -.2040446 

.00072502 .45219134 1.0001614 1.0230269 
.70292760 



BP 
39. ESP inlet metsl emissions lb/h, .16006060 .06743150 .30520004 .20116437 (#2-#22.#12)*(#13)t(1/(1000000;45: 

40. BP outlet natal emissions Ib/hr 0 0 0 0 

41. ESP hopper particulate 
42. Mets1 in BP part. 
43. ktrl in ESP part. 

Ib/hr 
"SIP 
Ib/hr 

11529.249 11529.24S 11529.249 
19.2 15.4 20.6 

.22136159 .17755044 .23760254 .21213019 

44. Total metal out 
45. U&al in - Yatal out 
46. Yetal out/sstal in 

Ib/hr 
Ib/hr 

.22136159 .17755044 .23750254 
-.060500’S -.1201109 .14769030 
1.3761076 3.0915123 .616660O7 

Boiler snd BP 
47. Natal to furnace 
47r.Uetsl eritinq to SNRB system 
47b Mets1 entering from SNRB system 
40. Tots1 l etsl out (except (471) 
49. Uetsl in - Mets1 out 
50. Metal out/n&al in 

SNRS ryrts. 
51. SNRB system inlet metal 

62. Ca(DH)2 injection 
63. Metal in Ca(OH)2 
54. Metal in Ca(OH)2 

56. Baghouse discharge 
66. Natal in bsghousa discharge 
57. Metal in baghouse discharge 

60. SNRB ryrtm outlet esiarionr 

69. Total metal in 
60. Total metal out 
61. U&al in - Mets1 out 
62. U.&al out/wtsl in 

lb/h, 
lb/h, 
lb/h, 
lb/h, 
lb/h, 

lb/h, 

lb/h, 
"S/S 
lb/h, 

Ib/hr 
"Sh 
lb/h, 

Ib/hr 

lb/h, 
lb/h, 
Ib/hr 

.25240 .37072 .25240 
.00367721 .00131004 .00909270 

0 .0000s00O 
.26460700 .29137277 ~3~~~2~2~ 
-.0157050 .0061360S -.0654390 

1.062520 .772619 1.269105 1.O31441 
.24476701 

.00357721 .00131004 .00S0S270 .00465SS0 

450 441 460 Frw process data 
7.6 7.6 7.6 From analysis 

.00342 .0033516 .0034600 .00341747 #52*#63/10000OO 

043 043 043 
6.7 9.7 0.9 

.0666401 .0061771 .0075027 .0071093 

0 .o000s00o 0 .00003290 

.006SS721 .O0466~64 .01267360 
.00.56401 .000275SS .0075027 

.00134911 -.0036144 .0060700O 

.00719346 1.77633SO .69670723 

(10 

From Sheet 1, werage 
Frca snalyrir 
#23.#25/l00000O 

;:::t:: 

#441#39 

i68 
#32.#35.#43.#40 
#47*#47b-#40-(47s 
94M4#47.)1(#47~47b) 

(15 

From Shwt 1, wers~a 
From analysis 
#55r#56/1000000 

(25 

Cobalt Eaission Factors 
63. Coal firing rata 
64. Carl hasting value 
66. Firing rste 

Boiler emissions 
66. ktsl emissions 
67. MaI emissions 

DP nirrions 
60. Metal emissions 
69. U&al emissions 

SNRB emissions 
70. Metal hlissions 
71. ktrl missions 

Renorsl Efficiencies 
72. ESP 
73. SNRE 

lb/h, 126240 126240 126240 
&/lb 12621 12621 12621 
lOr6 Btuh 1693.2760 lSS3.2750 1593.2760 

Ib/hr .16006O60 .06743160 .36520004 
Ib/l#~O Btu .00010096 .000O3606 .00024177 .00012626 

.00010517 

Ib/hr 0 0 
Ib/lLO 6tu 0 0 

: 
: 

lb/h, 0 .0000s00s Ib/lEr# Et" 0 .00000272 : .00000091 
.00000157 

percent 100 100 100 
percent 100 92.451290 100 

From Sheet 1 
Frca Shoot 1, warage 
#63r#64 

(25 
(#70/#65)*((#1-#21~#11)/#11) 

(#67-#6S)rl00/#67 
(#El-#50)*100/#51 



ktalr Calculations: Uangsnase 

Tort 
Date 

Metal flue gas loadings 

BP Inlet (Location 10) 
1. Gsr flow rate, dry 
2. Gas flow rats, dry 
3. ktsl loading 
4. U&l eaiaaions 
6. Mets1 emissions 

OP Outlet (Location 12) 
6. Gas flow rats, dry 
7. Gas flow rata, dry 
0. Natal loading 
0. Metal emissions 

10. ktrl emissions 

SNRB Inlet (Location 2) 
11. Gas flow rate, dry 
12. Gas flow rate, dry 
13. Metal loading 
14. Matal rsirsionr 
16. MatsI esissicns 

SNRB Baghouse Inlet (Lo&ion 5) 
16. Gas flow rata, dry 
17. Gas flow rate, dry 
10. Matal loading 
19. Yetal emissions 
20. Mets1 emissions 

SERB Outlet (Location 7) 
21. Gas flow rats, dry 
22. Oar flow rata, dry 
23. Metal loading 
24. k&al snissions 
25. Uetal suirrions 

j::f$; i n 
ug/drcn 
s/h, 
Ib/hr 

341246.3 346206.5 341152.2 
679792.09 666223.00 679632.21 

102.07 654.11 449.26 
1#6.02660 325.94O29 260.40567 
(23374467 .71060326 .57400635 

dscf/gin 374433.2 373092.3 375300 
dscl/h 636170.06 636259.06 637660.90 
ug/dsc, .66 31.70 2.73 
s/h, .34909793 20.137712 1.7400146 
lb/h, .00077130 .04439531 .00303777 

dscf/nin 
dsc*/h 
ug/dsca 
g/h, 
lb/h, 

7544.0 7652.4 0004.2 
12010.939 13341.564 13599.479 

690.06 236.60 1,430.66 
0.0467006 3.1576014 19.456231 
.01950112 .006Q6130 .04209292 

drcf/lin 
&cm/h 
uq/drcl 
g/h, 
lb/h, 

0199.9 006S.6 9060.9 
13031. SO2 15069.031 16767.004 

606.13 1,370.22 760.00 
0.4445920 20.769542 12.092337 
.Ol061603 .04576023 .62042226 

dscf/nin 
dscl/h 
ug/dscl 
n/h, 
lb/h, 

9514.0 9014.6 10060.6 
16166.053 16676.426 17106.903 

.#I 1.26 .23 
0 .02101104 .00393461 
0 ,00004632 O0000667 

U-l u-2 u-3 
4/27/93 4/29/93 4/30/93 

From emissions calculations 
(#1/35.314)t60 
From wtals snslyrir 
#2r#3/l000000 
#4/453.6 

Frm uirsions calculations 
(#6/36.314)r6O 
Frar 0atslr analysis 
#7r#0/l000000 
#9/453.6 

From enissionr calculstions 
(#11/36.314)*60 
Fro0 aatals analysis 
#l2r#l3/l000000 
#14/463.6 

Fro0 a0isrionr cslculationr 
(#16/36.314)r00 
Frw aetsls analysis 
#l7r#l6/l00000O 
#19/463.6 

Frca emissions calculations 
(#21/35.314)rOO 
From wtsls analysis 
#22*#23/1000000 
#24/453.6 

Ymprnsse mss bslancsr 

Boiler Furnsce 
26. Pulvrrirrd fuel fired 
27. ktsl in pulr. cosl 
20. Metal to furnace 

29. Furnsce metal emissions 

30. Bottom ash 
31. MaI in bottom ash 
32. YItrl in b&ton Brh 

33. Econo~izar hopper ssh 
34. Yotrl in hopper ash 
35. Metal in hopper rsh 

36. Total metal out 
37. Metal in - l&ta1 out 
30. Matal out/lets1 in 

Ib/hr 
"SIP 
lb/h, 

lb/h, 

lb/h, 
"PIP 
Ib/hr 

Ib/hr 
"SlS 
Ib/hr 

lb/h, 
lb/h, 

126240 126240 126240 

2.62:: 2.390~~ 2.272:: 2.39066 

.07093090 .30610426 1.0171044 .99973907 

3529.7139 3529.713S 3529.713S 
149.3 139.1 143.3 

.626S062S .49090321 .50600000 .60792503 

Frw Sheet 1 
From snalyrir 
#26t#27/l0000OO 

From Sheet 1, werap 
From analysis 
#30*#31/1000000 

1170.60S0 1170.60Q0 1l70.60Q6 Fran Sheet 1, average 
151.0 147.7 134.0 Frca analysis 

,17790216 .17409240 15794443 .17000636 #33*#34/l0000OO 

1.5016994 .97E2bSQ5 2.4000569 
.94290065 1.4203000 -.2006369 

f;;~f’#“” 

.62664442 .40451769 1.0917727 .70761169 
.36072606 



39. ESP inlet n stal missions 

40. ESP outlet metal emissions 

41. BP hopper particulate 
42. Metal in ESP part. 
43. K&al in DP part. 

44. Total natal out 
45. Netal in - Metal out 
46. MaI out/natal in 

Boiler and BP 
47. u&al ta fumaca 
47m.Matal exiting to SNRB system 
47b U&al entering from SNRB systea 
46. Total metal out (except (47a) 
49. Metal in - Metal out 
50. U&al out/dal in 

SNRB ryrtsn 
61. SNRO sys+.m inlet natal 

52. Ca(OH)Z injection 
53. Metal in Ca(gH)Z 
54. MaI in Ca(OH)Z 

66. Baghouse dischrrga 
56. ktrl in brghoure discharge 
67. Yatrl in baghouse discharge 

60. SNRO rystsm outlet emissions 

59. Total metal in 
60. Total notal out 
01. Yetal in - Metal out 
62. ktzl out/metal in 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 

Ib/hr 
WI0 
Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.0769309O .30516426 1.6171044 .99973907 

.00077136 .0443963i .00383777 .01633462 

11529.249 11529.249 11529.24g 
134.0 121.1 109.9 

1.5449194 1.3961921 1.2670645 1.4027254 

1.5456906 1.4406674 1.2709023 
-.6667599 -1.136403 .64620215 
1.7626141 4.7203657 .69941070 

2.5246 2.39656 2.27232 
.O3950112 .006g6130 .04269292 

0 .00004632 .00000667 
2.2506593 2.1656631 1.9346547 
.25463962 .26596163 .29476102 
.69914464 .60077167 .07027360 .06339663 

.01461342 

.01950112 .00696136 .04269292 .02311647 (15 
450 441 450 From prom.. data 
4.9 4.0 5.4 From snalyaia 

.002205 .0021166 .0024732 .002265 (62*(53/1000000 

a43 043 043 Fra Sheet 1, .rer,ga 
37.2 36.6 34.3 Fra analysis 

.0313596 .0307695 .O269149 .I0340 #55*(56/1000000 

0 .00004632 .00000667 .00001633 (26 

.02170612 .009117016 .04536612 
.0313596 .03061562 .a2692357 

-.0096535 - .0217376 .01644255 
1.4447353 3.3gug37 .63755666 

(#2-#22+2)*(#13)*(1/(1006000t45: 

Frw Sheet 1, wsnge 
From rnalyria 
~23.125/1000000 

;:::f:: 

#44/#39 

#58 
(32.#35.(43+#40 
(47+#47b-#46-(47a 
(#46.#47r)/(#47.47b) 
STDS 

#51*(54 

f:::;:: 

W/W 

Yanganese bisaion Factors 
63. Coal firing rata 
64. Coal hartin9 value 
65. Firing rate 

Boiler emissions 
08. Metal missions 
67. ktrl saissions 

ESP snisrionr 
66. Yetal eaisrions 
69. Metal emissions 

SNRE missions 
70. ktal missions 
71. kbtal emissions 

Removal Efficiencies 
72. ESP 
73. SNRO 

Ib/hr 126240 126240 126240 
k/lb 12621 12621 12621 
lOe0 Otuh 1593.2760 1593.2750 1593.2750 

Ib/hr .a7693090 .30616426 1.6171044 
Ib/lOd Otu .OOO56040 .00019165 .00114046 .00062747 

.OOo47014 

Ib/hr .00077136 .I4439531 .00303777 
Ib/lO*b Otu .00000046 .00002766 .00060241 .00001025 

.00001526 

Ib/hr 0 .06004632 .00OO0667 
lb/U*6 Otu 0 .00000127 .00000023 .00000050 

.OOOOOO66 

parcmt 99.912036 65.452950 99.766707 
percent 100 99.334606 99.979777 

From Sheet 1 
Frau Sheat 1. w.rrge 
#63*#54 

(#2-#22*#12)*(#13)*(1/(1000000r453 
#55/#55 



Metals Calculrtions: Vmdiu. 

Tart 
Date 

Met.1 flu. 9.. loadings 

EsP Inlet (Lo&ion 16) 
1. Gas flow rste, dry 
2. Gas flow rats, dry 
3. Matal lmding 
4. ktrl ..ission. 
5. Metal amissions 

ESP Outlst (Location 12) 
a. Gas flow rate, dry 
7. Cam flow rata, dry 
6. lAstal lwding 
9. M&l ..issions 

16. U&l ..issions 

SNRB Inlet (Location 2) 
11. Gas flow rate, dry 
12. Gas flow rats, dry 
13. Yet.1 loading 
14. Mat.1 ssis.ion. 
lS..Mst.l s.issions 

SNRB Baghouse Ink (Location 5) 
16. Gas flow rat., dry 
17. Gas flow r.ts, dry 
16. lktsl loading 
19. Yatal s~issions 
20. Yet.1 s.issionr 

SERB Outlst (Location 7) 
21. Gas flo. rat., dry 
22. Qas flow rate, dry 
23. N&l loading 
24. Yetal s~issions 
25. Yet.1 s.issions 

dscf/nin 341246.3 346203.6 341152.2 
d.cm/h 679792.09 566223.06 679032.21 
ug/d.c. 296.44 1.631.44 547.69 
g/h, 171.67357 666.7~682 317.57469 
lb/h, .37890993 1.3375591 .70012058 

dscflsin 374433.2 373092.3 376306 
636176.1 636259.0 637661.0 

.I0 2.92 .3a 
0 1.6549564 .22955795 
0 .00406941 .60650606 

ug/d&m 
g/h, 
lb/h, 

dscf/.in 
d.c./h 
ug/d.c. 
g/h, 
Ib/hr 

dscf/sin 
d.c./h 
ug/d.c. 
g/h, 
lb/h, 

d.cf/sin 
d.c./h 
ug/d.c. 
g/h, 
lb/h, 

Y-l u-2 M-3 
4127193 4129193 4136193 

7544.6 7652.4 6004.2 
12616.939 13341.564 13599.479 

916.51 605.77 1,636.2I 
11.774323 8.0619194 24.971499 
.02695750 .01761726 .65505i6i 

6199.9 6869. a 9663.9 
13931.962 15069.631 16767.664 

525.29 2,056.16 626.43 
7.3183366 43.027879 13.357317 
.0ial3369 .09465668 .03054964 

9514.6 9614.6 i6063.6 
1a1aa.o53 16675.426 17106.963 

.a0 .00 .a0 

: 
0 0 
0 0 

From emission. calculations 
(#i/35.314):60 
From mstrls analysis 
#2*#3/1000000 
y4/453.6 

From mission. c.lculrtions 
(*6/35.314~~66 
From ~etsls analysis 
~7~~6/1000660 
(91453.6 

From emissions calculations 
(#11/35.314)*86 
Fro. .stal. rmlysi. 
#12r#l3/1060000 
#14/453.6 

From s.issions crlcul.tions 
(jx6/36.314)~66 
Fro. .st.ls analysis 
*17~~16/1060060 
~19/453.6 

Fro. .sissim. c.lculrtions 
(#21/35.314)r60 
Fro. sstrls analysis 
*22t~23/10eaeae 
124i463.6 

Vanadium SISS balances 

Boiler Furnsce 
26. Pulverirsd fuel fired 
27. Uatrl in pulv. coal 
20. U&al to furnrc. 

29. Furnace metal amissions 

30. Bottom ash 
31.~ Metal in bottom ash 
32. Uetrl in both ash 

33. Economirsr hopper ash 
34. Ystrl in hopper ssh 
35. Yot.1 in hopper ssh 

36. Tot.1 sot.1 out 
37. Y.trl in - Ustrl out 
36. Metal out/metal in 

lb/h, 
u9lg 
lb/h, 

lb/h, 

lb/h, 
W/P 
Ib/hr 

Ib/hr 
u9lg 
Ib/hr 

Ib/hr 
Ib/hr 

126240 126246 126240 
20 27 

2.5246 3.40640 2.52:: 2.61936 

1.1672630 .76i16306 2.3322001 i.4266554 

From Shoot 1 
Fro8 analysis 
~26~*27/i000000 

3529.7139 3529.7139 3529.7139 From Shast 1, average 
126.3 169.3 129.7 From analysis 

.44560267 .aaa174a4 .467aa369 .52392720 ~30~~31/1aea0ee 

1i76.6696 1176.6396 ~i76.6696 From Sheet 1, rvsrrga 
129.6 172.9 139.2 From rn.lysis 

.15299394 .28379547 .16407362 .17362101 *33~~34/1600600 

1.7aaa59a 1.6530734 2.9640776 
.75074024 1.7554886 -.42¶2776 
.69946501 .43498643 I. 1760244 .784632ai 

.35040224 

#29.#32.#36 

t:$i 
STDS 



ESP 
39. DP inlet r.t.1 s.issions lb/h, 1.1672630 .76110305 2.3322001 1.4268654 

40. DP outl*t wt.1 .sissions lb/h, 0 .6040694i .0o05aa0a .60i53i63 

41. ESP hopper particulrt. Ib/hr 11529.249 11529.249 11529.249 Fro. Sheet 1, average 
42. ht.1 in ESP part. u9lg 156.3 169.7 195.2 From .nrlysis 
43. Lbt.1 in ESP part. lb/h, i.6250602 2.1670966 2.2565095 2.0675626 ~23.#25/i000006 

44. Tot.1 ..t.l out 
45. U.tsl in - kbtrl out 
46. U.t.1 0utlset.l in 

lb/h, 
Ib/hr 

~.6260692 2.1911880 2.2610156 
-.a578172 -i.4ia085 .Oalia449 
1.5636553 2.8652483 .98516974 

f:;rf:: 
#44/#39 

Boil., and DP 
47. U&ml to furnac. 
478.kt.l exiting to SNRB syste. 
47b Lbtsl .nt.ring fro. SNRB systss 
46. Tot.1 ..t.1 out (axcspt (47.) 
49. Lbtrl in - M&l out 
60. Lbtrl 0utJ.et.l in 

SNRE .y.te. 
51. SNRB systsr inl.t Iat.1 

52. Cs(OH)2 injection 
53. Yat.1 in C.(OH)2 
64. M.t.1 in C.(OH)2 

55. Baghous. discharge 
66. kbt.1 in brghous. disch.rg. 
57. Ust.1 in brghous. discharps 

56. SNRB syst.. outlet ..issions 

59. Total .rt.l in 
60. Tot.1 ..t.l out 
61. M&l in - Ustsl cut 
62. kt.1 out/..tsl in 

lb/h, 
lb/h, 
lb/h, 
lb/h, 
Ib/hr 

Ib/hr 

lb/h, 
UP/P 
lb/h, 

lb/h, 
w/g 
lb/h, 

lb/h, 

Ib/hr 
Ib/hr 
lb/h, 

2.6246 3.40046 2.5246 
.02595750 .01781726 .05505181 

2.423877: 3.063156~ 2.672893: 
.07496560 .32750437 -.4031449 
.97030634 .90391433 1.1596746 1.01i2991 

i3271536 

.02695760 .01761728 .05605181 .03294220 

450 441 466 
3.6 3.0 3.3 

.00171 .001323 .0015114 .6015146 

043 643 a43 
53.4 74.3 63.3 

.0450162 .a626349 .O449319 .o5oaai 

0 0 0 0 

.02766760 .01914028 .0565632i 
.0450ia2 .0626349 .a449319 

-.0173467 -.0434946 .01163i31 
1.6270424 3.2724125 .79436622 

w 
g: 
#32*#3S.f43.#40 
#47.#47b-l46-147. 
(#48.#47.)/(#47t47b) 
STDS 

(15 (15 

Fro. procams d.t. Fro. procams d.t. 
Fro. .n.lysis Fro. .n.lysis 
~52~~53/106O000 ~52~~53/106O000 

Fro. Slkt 1, average 
FrM .n.lysi. 
(55r(5a/10eaa00 

(25 

f::fE 
tc!: jE: 

V.n.diu. bission F.&era 
63. Co.1 firing rate 
64. Coal heating VII.. 
66. Firing rat. 

Boiler rissions 
66. Yetal *si.sions 
67. M.t.1 uissions 

lb/h, 126240 126240 126240 Fro. Sheet 1 
k/lb 12621 12821 12621 
10~6 Otuh 1593.2760 1693.2760 

Fro. Sh..t 1, .r.rrg. 
1593.2760 #63t#a4 

EP *.issions 
68. Usl uissions 
69. M8t.l rimsions 

SNRB ..issions 
78. Yet.1 ..issions 
71. U&al .sissions 

R..or.l Effici.nci.s 
72. ESP 
73. SNRO 

lb/h, 1.1672630 .78110306 2.3322001 
Ib/lOrO Otu .00073262 .00049026 .##146376 .00#69665 

ooo50aao 

lb/h, 0 .00408941 .OO0506O6 
Ib/lOrO &AI 0 .OOOOO267 .00000032 .00000096 

.00000140 

lb/h, 0 0 
Ib/l0*6 Btu 0 

: 
a 0 

0 

p.rc.nt 
pwcent 

100 09.476457 99.976306 
109 180 100 

(#2-~22.#12)*(#13)*(1/(1000000*45 
wa/#as 

125 
(~70/~65)~((~1-il21~w)~w) 



kt.ls C.lcul.tions: Bcrylliu* 

T*.t 
Oat* 

U*t.l flu* grs loadings 

DP Inlst (Loc*tion 10) 
1. 08s flw A*, dry 
2. Gas flo. rats, dry 
3. Natal loading 
4. kt*l *.issions 
5. kt.1 *.issions 

ESP Outlet (Loc.tion 12) 
a. C.s flo* rrte, dry 
7. Gas flo. rats. dry 
a. Met.1 loading 
9. Yet.1 *.issions 

10. U&al asissions 

SNRB Inlet (Location 2) 
11. Gas flow rat*, dry 
12. g** flo* rat*. dry 
13. Net.1 loading 
14. Mst.l ..issions 
15. Mot.1 *sissions 

SNRB B.ghous* Inlet (Location 5) 
16. Gas flor rats. dry 
17. Gas flo* rat*, dry 
16. ktrl lo.ding 
19. Uat.1 *.issions 
20. U&ml *.issions 

SERB Outlet (Location 7) 
$1. CBS flow rats, dry 
22. Oes flo. ret*. dry 
23. Uet.1 loadin 
24. Lbtsl *.issions 
26. U&ml *sissions 

dscsjh 
ug/d.c. 
g/h, 
lb/h, 

dscf/.in 
d.c*/h 
ug/d.c. 
g/h, 
lb/h, 

d.cf/*in 
dam/h 
ug/d.c. 
g/h, 
lb/h, 

dscf/*in 
dam/h 
ug/d.c. 
g/h, 
lb/h, 

dscf/.in 
dam/h 
ug/d.c* 
g/h, 
lb/h, 

U-l N-2 u-3 
4127193 l/29/93 4/36/93 

341246.3 346206.5 341152.2 From **issions calculations 
679792.1 506223.06 679632.21 (#i/35.314)*60 

9.97 32.62 23.30 From s*t.ls .n.lysis 
5.760627 19.187637 13.505431 ~2t~3~i000606 
.1127437 .04230123 .02977366 #4/453.6 

374433.2 373692.3 375306 
a3ai7a.i 635259.05 a37aa0.ga 

.#I .(I .a0 

: 0 0 0 0 

7544.6 7662.4 8004.2 
12aia.94 13341.664 13599.479 

36.90 17.49 61.00 
.4730iaa .23334396 1.1015576 
.0610426 .00051443 .00242646 

6199.9 aaa9.a 9666.9 
13931.96 15669.63i 1a7a7.aa4 

6.25 30.21 10.62 
.1149368 .45525966 .iai42634 
.0002634 .00100366 .00039997 

9614.8 9614.6 ioOaa.a 
16166.05 16676.426 i7i66.963 

.00 .00 .I# 

: 0 0 : 

Comsnts 

Fro. asissions crlcul.tions 
(~6/35.314)*60 
From s*t.ls .nslysis 
~7*~6/1600000 
#9/463.6 

Fro. *sissions c.lcul.tions 
(*i1/35.314)*60 
From s*trls .n.lysis 
*12*~13/1060600 
#14/453.6 

From *sissions c.lculrtions 
(~16/35.314)*60 
Fro* ..t.ls .nslysis 
~17*~ia/ia00000 
#19/453.6 

From **issions crlcul.tions 
(~21/35.3i4)*60 
Fro* s*t.ls .n.lysis 
~22*~23/1600660 
(24/453.6 

&rylliu. s.ss b.l.nc*s 

Boiler Furn.c* 
26. Pulr*riz*d fu*l fired 
27. YIt.1 in pulv. co.1 
26. Net.1 to furn.c* 

29. Furnace s*t*l *.iuions 

30. Bottom ash 
31. Mat*1 in b&to. *ah 
32. Metal in botto. ash 

33. kono*ir*r hopper ash 
34. U&l in hoppar *ah 
35. kt.1 in hopper *ah 

36. Total **ta1 out 
37. U4t.l in - Yst.1 out 
36. Met.1 out/..t.l in 

lb/h, 
w/g 
lb/h, 

lb/h, 

lb/h, 
W/P 
lb/h, 

lb/h, 
wig 
lb/h, 

lb/h, 
Ib/hr 

i26240 126240 126240 
.7 

.066360 .063i~ ,100Ob: .084ia 

.o4aa93a .02265228 .1626794i .06744iaa 

3629.714 3529.7139 3529.7139 
4.0 5.4 4.0 

.oia942a .0i906046 .01729560 .01776623 

1176.690 117a.aa9a i17a.aa9a 
6.0 6.2 5.5 

.0058934 .007307aa .00646279 .0065ai37 

.0697294 .046920ai .12665760 
.0iaa3aa .01419939 -.025aa6a 
.7690800 .77504132 1.2641370 .93941943 

.27264379 

Fro. Shoot 1 
From .n.lysis 
~26t~27/i000000 

Fro. Sheet 1, average 
Fro. snrlysis 
~30**3i/ie00060 

From Sheet 1, average 
Fro. .nslysis 
~33*~34/i060000 



39. ESP inlet *.tsl esissions lb/h, 

48. E5P outl*t .*t.l asisrions Ib/hr 

41. DP hopper psrticuletr lb/h, 
42. ktsl in ESP p.rt. "919 
43. ktal in ESP pmt. lb/h, 

44. Tot.1 metal out 
45. Uetel in - kt.1 out 
46. List.1 out/.*t.l in 

Boiler .nd W 
47. Wsl to furnace 
47r.Lbt.l *xiting to SNRO system 
47b U&ml entering fro. SNRB sy.t.s 
48. Total *et.1 out (except 147.) 
49. ktel in - Ust.1 out 
60. U&al out/r*tsl in 

lb/h, 
lb/h, 
lb/h, 
lb/h, 
lb/h, 

SNRO syste. 
61. SNRB syste. inlst wt.1 lb/h, 

52. C.(OH)2 injection Ib/hr 
63. lfetrl in C.(OH)2 49 
54. ktrl in Cs(OH)2 lb/h, 

55. Beghouse disch.rge lb/h, 
56. kt.1 in beghouse dischwga 
57. WeI in brghouse disch.rge 

"9/O 
lb/h, 

50. SNR6 system outl*t s.issions lb/h, 

59. Tote1 mete1 in lb/h, 
60. Tot.1 .*t.l out lb/h, 
61. ktsl in - ktel out Ib/hr 
62. ktel out/.strl in 

.0466933 .a2255226 .10267941 .65744laa 

0 0 0 8 

11529.25 11629.249 11529.249 
6.1 6.7 6.6 

.fl703284 .07724597 .17639890 .07532443 

.0703284 .07724697 .fl7639891 
-.a23435 -.0546937 .02446062 
1.499763 3.425l962 .76204650 

.0aa3aa .063i2 .100992 
.0ol0428 .oom51443 .00242646 

.093164! .1036143: .1021772: 
-.005639 -.0410067 -.0036i36 
l.066079 l.6496947 l.0357827 l.2506196 

.34602609 

.0010420 .a6051443 .00242346 .00132657 

460 441 456 

: : 0 0 I 

a43 643 643 
.I 1.1 1.1 
0 .a009273 .0009273 .0006162 

I 0 0 0 

.0010428 .a0051443 .00242646 
0 .0609273 .0069273 

.0010426 -.0004129 .60150110 
0 i.602589l .3aia4404 

From Shsst 1, rvengs 
From .n.lysis 
~23+25/i060006 

f::rf:: 

1441139 

128 
::A 
(32*(35.(43*(40 
#47.#47b-#46-(471 
ifW:“47” I (t47+47b) 

I15 

Fro. process dat. 
From enslysie 
(52*#53/1000000 

Fro. Shr*t 1, srer.g* 
Frm m.lysis 
~55**56/i000ea0 

(25 

151.#54 
#57.*56 

Owylliu. fiiuion F.&arm 
63. Coal firing rat. 
64. Coal heeting velue 
66. Firing rsto 

lb/h, 126240 126240 126240 
k/lb 12621 12621 12621 
lo96 Otuh 1693.275 1593.2750 1693.2760 

Boiler missions 
66. kt.1 l .i..ions 
07. Mel l sissions 

BP rissions 
66. kt.l *.iuions 
69. ktsl *.iuions 

SNRB e.issions 
76. Yet41 *sis.ions 
71. WeI *sissions 

lb/h, .U60933 .02255226 .10267941 
Ib/llrO Btu .0006294 .00001415 .o0006457 .00003606 

.oooo26a6 

lb/h, 0 
I b/10*5 Et” 0 

: : 
: 

lb/h, 0 0 0 
I b/10*5 Et” # 0 0 0 

0 

R*.ovel Efficionci*s 
72. BP percant 100 

:i 
100 

73. SNRB p*rc*nt 100 100 

Fro. Sheet 1 
Frm Sh*et 1, average 
*63*#64 

(12~(22*(12)*(#13)*(1/(? :660.453 
bw35 

w 
ts*/~ss 



Metals Calculations: Arsenic 

Test 
cd* 

u&al flue gas loadings 

ESP Inlot (Location 10) 
1. Gas flow rata. dry 
2. Gas flow rata. dry 
3. Yetal loading 
4. Ystll *missions 
5. U&al emissions 

DP Outlot (Location 12) 
4. Gas flow rata, dry 
7. Gas flow rate, dry 
a. Uatal loading 
0. Ystrl emissions 

10. Yetal emission* 

SNRB Inlet (Location 2) 
11. Gas flow rat., dry 
12. Gas flow rate, dry 
13. Yetal loading 
14. Natal emissions 
16. U&al *missions 

SNRB Baghouse Inlet (Location 6) 
14. Gas flow rate. dry 
17. Gas flow rate, dry 
13. Metal loading 
lg. Metal emissions 
*a. U&l emissions 

SBRB Outlet (Locrtion 7) 
21. Gas flow rate, dry 
22. Gas flow rata, dry 
23. Metal loading 
24. MaI emissions 
26. U&al amierions 

dscf/nin 341243.3 340203.6 341152.2 From emissions calculations 
dscm/h 679792.09 533223.03 579332.21 ((l/36.314),80 
ugldacm 169.42 640.30 299.64 From matals analysis 
g/h, 92.438460 321.37530 173.82303 $2*(3/1000000 
lb/h, .20377086 .70910164 .38278683 #4/453.8 

dscflmin 374433.2 373892.3 376308 From emissions calculations 
dscm/h 838178.08 836269.06 837880.98 (#6/86.314)r80 
ugldscm 1.7828 8.3774 1.3334 
g/h, 

Fran a&Is analysis 
1.1341782 4.0613010 1.1722780 (7*#8/1000000 

lb/h, .a0260039 .a0893144 .00250438 #Q/463.0 

;::f;;lin 

ug/drcm 
0, 
lb/h, 

7644.0 7862.4 8004.2 From emissions calculations 
12818.939 13341.584 13698.479 ((11/36.314);80 

606.84 299.73 674.73 From mst8ls analysis 
8.4017881 3.9988871 7.0160285 (l?r(l3/1000000 
.01420981 .00081684 .01723110 (14/453.8 

dscf/min 
drcm/h 
ugldscm 
g/h, 
lb/h, 

8199.9 388P.8 9860.9 From emissions calculations 
13931.g82 16089.831 18767.884 (#16/36.314)*30 

263.38 686.70 465.18 From metals analysis 
3.8780027 0.5269074 7.8319791 #17*~13/1000000 
.00310420 .a1079809 .01882535 (19/453.8 

dscf/min 9614.0 9914.0 10068.8 From saissions calculations 
dscm/h 18188.063 18876.428 17100.083 ((21/35.314)*80 
u /dscn __-__--- 2.1219 .2309 
g hr 7 

From metals analysis 
-------- .03530359 .00386000 #22*#23/1000000 

lb/h, -------- .00007801 .a4000071 #24/463.0 

Y-l Y-2 u-3 
4/27/w 4/29/93 4/3a/or 

com1mtr 

Boiler Furnace 
Pulrarized fuel firad 20. 

27. 
20. 

29. 

30. 
31. 
32. 

Natal in pulr. coal 
lblhr 
"gig 

u&al to furnaca lb/h, 

Furnac* metal emissions Ib/hr 

Bottom ash Ib/hr 
U&al in bottom rsh 
MatsI in bottom ash 

"O/O 
Ib/hr 

33. 
34. 
36. 

30. 
37. 
38. 

Economiser hopper ash 
MaI in hopper rsh 
U&al in hopper ash 

Total metal out 
U&l in - U&al out 
Netal out/matrl in 

Arsenic mass balances 

4 
126240 

4 
.604O4 

128240 

.75744 

128240 

,831: .8312 

.04257057 .38848336 .72997339 .68834527 

3629.7139 3629.7139 362P.7139 
4.89 8.14 3.28 

.01856430 .02107244 .01167748 .01080142 

Ib/hr 
"PIP 
lb/h, 

lb/h, 
lb/h, 

1170.0390 1178.8898 1178.8398 From Sheet 1, werags 
130.0 16.1 63.4 From analysis 

.16322987 .01897891 .a8317777 .a7848145 (33**34/1000000 

.81238230 .42713270 .00472012 
-.3074024 .33030730 -. 1736291 
1.4037482 .56391821 1.2749194 1.1492000 

.63384961 

From Sheet 1 
From analysis 
#28*(27/1000000 

From Sheet 1, average 
Frm analysis 
#30r#31/1008000 



39. BP inlet .&ml emimmionm 

40. E3P outI& mmtml ..immionm 

41. ESP hopper pmrticulmt. 
42. M&ml in DP pmrt. 
43. U&ml in DP part. 

44. Tot.1 mmtml out 
46. U&ml in - U&ml out 
48. U&ml out/mct.l in 

Boil., mnd =P 
47. U.t.1 to furnmc. 
47m.Umt.l exiting to SNRB mymtem 
47b U&ml mtmring fro. SNRB mymtam 
43. Tot.1 ..t.I out (mxcspt #47.) 
49. U&ml in - U&ml out 
60. Umtml out/..tml in 

lb/h, 

lb/h, 
"g/P 
lb/h, 

lb/h, 
lb/h, 

lb/h, 
lb/h, 
Ib/hr 
lb/h, 
lb/h, 

.84257867 .38048336 .72997889 .58034527 

.00260039 .00893144 .a0258433 .00447207 

11629.249 11529.249 11629.249 Fro. Shmst 1, mvrrmge 
159 203 219 Fro. .n.lymim 

1.8331607 2.3404374 2.6249066 2.2328313 ~23.~25/laea0aa 

i.03685ll 2.3493691 2.6274900 
-1.193072 -1.962888 -1.797516 
2.6588951 8.0738386 3.4824390 

.60494 .76744 .4312 
.01423941 .aaa8i684 .01723110 
-------- .00007301 .uaaaa87i 

2.0064361 2.3900184 2.4022463 
-------- -1.441314 -1.988260 
-------- 3.1687027 4.1499370 3.8683193 

#lg 

t:;:;:: 
#441#39 

SNRB mymt... 
61. SNRB mymtmm inlet l mtml 

62. C.(GH)2 injmction 
53. Umtrl in C.(GH)2 
54. Umtml in C.(GH)2 

56. Bmghoum. dimchmrg. 
56. Umtml in bmghou.. dimchmrg. 
57. Umtml in bmghoum. dimchmrga 

68. SNRB mymtsn outlet mmimmionm 

69. Total .&ml in 
40. Tot.1 n mtml out 
41. Umtml in - Umtml out 
42. Umtml out/..tml in 

Ib/hr 

lb/h, 
"PI0 
lb/h, 

lb/h, 
"SIP 
Ib/hr 

lb/h, 

lb/h, 
lb/h, 
lb/h, 

.ai423941 .e030i604 .a1723110 .a1344552 115 
4sa 441 466 Fr.. Proc... data 

1.14 1.64 1.74 From mnmlymi. 
.000513 .oaa479l4 .a0079602 .00044302 #s2~#s3/laeaaae 

043 343 043 Fro. Shmmt 1, .v.r.gs 
40.4 00.4 84.7 Fro. mnrlymim 

.0609172 .a479453 .a714021 .a(134217 #ss~fss/1aa0eaa 

-------- .aaae76al .0000087l .a8004338 

.ai430261 .00949490 .0l802802 
-------- .06802381 .07141081 
-_--_--- _, 0505200 - .a533820 
-------- 7.1441830 3.9411002 

125 

fluff 
#59:(80 
*w#sQ 

Armmic fiimmion Fmctorm 
43. Co.1 firing rmt. 
44. Co.1 halting vmlu. 
86. Firing rmtm 

Boiler rimmion. 
86. Umtml ..im.ion. 
47. U&ml uimmionm 

DP ..i.mion. 
43. Umtml ..imrionm 
49. U&ml mmimmion. 

SNRB emimmionm 
70. Umtml mmimmion. 
71. U&ml mmimmimn. 

Rmmovml Efficimnciu 
72. E3P 
73. SNRE 

lb/h, 128240 126240 124246 Fro. Sh..t 1 
&t/lb 12421 12621 12821 
la*8 Btuh 

Fro. Shmmt 1, .v.r.g. 
1693.2750 1693.2760 1693.2750 (43.184 

Ib/hr 
Ib/10.0 Btu 

Ib/hr 
Ib/llt4 Btu 

lb/h, 
Ib/l0.6 Btu 

pmrcmnt 90.410001 97.439049 99.845942 (I87-#89)tl00/#47 
pmrcmnt -------- 99.115140 99.949443 (#51-#S8)*100/(51 

.34267367 .33848336 .71997309 

.6004033l .00024267 .000453l8 .8003830l 
.aaall2a4 

.00260039 .~0393144 .a0263430 

.0aaaal67 .0000064l .00000142 .aaaaa293 
.aaaaa232 

-------- .aaa073al .0000037i 
-------- .aaaa02l6 .eaaaaa23 .aaaaaa79 

.0aaaai35 

#lo 
#63/#65 

(25 
(17fl/l4s)*(((1-121.i11)/111) 



ktmlm Cmlculmtionm: Lord 

Test 
Dmt. 

u&ml flu. gmm loadings 

BP Inlet (Location 10) 
1. Gas flor rmta, dry 
2. Cm. flo. rat., dry 
3. M&ml loading 
4. Umtml mmimmionm 
6. U&ml mmimmionm 

5P Outlmt (Location 12) 
8. Cm. flow rmte, dry 
7. Cm. flow rmt.. dry 
a. N&ml loading 
9. M&ml mmimmionm 

10. M&ml ..immionm 

SNRB Inlet (Location 2) 
11. 0.. flor rmtr, dry 
12. Cm. flor rmt., dry 
13. ktml lomding 
14. Ystml .mimmionm 
15. Umtml mmimmionm 

SNRB Bmghoum. Inlet (Locmtion 6) 
14. G.. flow rmt., dry 
17. Cm. flo. rmt., dry 
13. U&ml loading 
19. U&ml .mimmionm 
20. M&ml ..immionm 

SERB Outlet (Location 7) 
21. Cm. flo. rmt., dry 
22. 0.. flow rmt., dry 
23. Umtml lomding 
24. Mmtml mmimmionm 
26. Mmtml l mimmionm 

dmcf/min 341248.3 348200.6 341162.2 Fro. smimmionm cmlculmtionm 
d.c./h 579792.09 633223.08 679832.21 ($1/35.314)*40 
ug/d.c. 83.61 192.86 144.11 From mmtrlm mnmlymim 
0, 39.721668 113.32110 33.530790 $2~~3~laaaeaa 
lb/h, .06768967 .24982823 .18416079 $4/453.4 

dmcf/.in 
d.c./h 
ug/d.c. 
g/h, 
Ib/hr 

374433.2 373392.3 376304 
836178.04 436269.06 837640.98 

.aOae .1777 .a000 
O .11280563 0 
a .00024887 0 

Fro. mmimrionm cmlculrtionm 
($6/36.314)r40 
Fro. mmtmlm mnmlymim 
$7.*3/1000000 
#Q/463.8 

dmcf/.in 
d.c./h 
ug/d.c. 
g/h, 
Ib/hr 

7544.3 7362.4 3004.2 Fro. e.immionm cmlculmtionm 
12010.939 13341.584 13599.479 (~11/35.314).40 

214.34 119.30 221.39 Fro. mrtmlm mnmlymim 
2.7736068 1.6916434 3.0107804 #l2.$i3/iaaaaaa 
.00411443 .00350093 .a0463754 $14/453.4 

dmcf/.in 
d.c./h 
ug/drc. 
g/h, 
lb/h, 

0199.9 0049.4 9040.9 
13931.932 16009.331 14747.434 

27.342 47.690 47.800 
.33092324 .71717324 .79027691 
.00003979 .00163107 .00176g37 

Fro. mmimmionm cmlculmtionm 
($18/36.314)*40 
Fro. mmtmlm mn.lymim 
$i7.$13/1000000 
$19/463.8 

dmcf/.in 9614.0 9014.4 10080.0 Fro. ..immionm cmlculmtionm 
d.c./h 14144.063 14476.424 17104.933 (~21/35.314).40 
ug/d.c. -_----_ -- .9241 .aa0a Fro. mmtmlm mn.lymim 
g/h, __-__-_ _- .01644311 0 ~22.*23~1000000 
lb/h, -_----_- - .00003406 0 $241453.8 

U-l Y-2 u-3 
4127193 4129/93 4/30/93 

Lmmd . ..m b.l.nc.. 

Boiler Furnmc. 
24. Pulvmrirmd fuel fired 
27. M&ml in pulr. coml 
28. ktml to furnmc. 

29. Furnmc. mrtml missions 

30. Bottom mmh 
31. M&ml in bottom mmh 
32. M&ml in bottom mmh 

33. Economirmr hoppmr mmh 
34. M&ml in hoppmr mmh 
36. M&ml in hopper mmh 

38. Tot.1 metml out 
37. Uetml in - M&ml out 
30. Mmtml out/.etml in 

Ib/hr 
"(119 
lb/h, 

lb/h, 

Ib/hr 
"PIP 
lb/h, 

lb/h, 
"PIP 
Ib/hr 

lb/h, 
lb/h, 

124240 124240 12024O 

,631: .6312 6 .76744 4 .47320 

.27495611 .15332999 .23119103 .23446071 

3529.7139 3529.7139 3629.7130 Fr.. Shmmt 1, wmrmg. 
4.54 6.49 0.10 Fro. mnmlymim 

.12316492 .02000407 .02174304 .02148088 *30~*3i~i000000 

1170.4490 1170.4093 1170.4090 Fro. Shmmt 1, mwrmg. 
4.15 5.21 4.34 Fro. mnrlymim 

.00724394 .00814097 .00611661 .00818340 $83~$34/1000000 

.30536397 .13006504 .30804963 

.32634103 .46114494 .44939042 

.43377530 .26526830 .40469832 .39191064 
.10006i26 

Fro. Shmrt 1 
Fro. l nmlymim 
*245*27/i000000 



ESP 
39. EP inlet natal missions 

40. EP outlet metal emissions 

41. ESP hopper particulate 
42. MaI in ESP part. 
43. Uatal in ESP part. 

44. Total mtrl out 
46. lbtal in - ktal out 
46. Metal out/n&al in 

Bailer and BP 
41. UetAl ta furnaca 
47a.ktrl exiting to SNRE systan 
47b ktrl mtrring from SNRB system 
48. Total a&al out (except #47r) 
40. Yatrl in - N&ml out 
60. Udrl out/natal in 

61. SNRB system inlet metal 

62. Cr(OH)2 injection 
63. ktal in Ca(Otl)Z 
64. U&al in Ca(OH)Z 

66. Baghour* discharge 
68. MaI in baghouse dischrrga 
67. U&al in baghousa discharge 

63. SNRB system outlot missions 

50. Total metal in 
60. Total metal out 
(Il. Uatrl in - Natal out 
82. Metal out/metal in 

Ib/hr 

Ib/hr 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 

Ib/hr 
UP/P 
Ib/hr 

Ib/hr 
WI9 
Ib/hr 

lb/h? 

Ib/hr 
Ib/hr 
Ib/hr 

.27496611 .lb332W9 .28119103 .23605871 

0 m824807 6 .00000296 

11629.249 11629.249 11529.249 From Sheet 1, wsrqs 
31.60 33.20 34.20 From analysis 

.35432428 .38277108 .39438038 .38840623 (23.#26/1888000 

.30482428 .38301996 .89430033 
-.0893692 -.2291900 -.1131W3 
1.8268319 2.4898912 1.4822588 

.6312 .6312 .76744 
.06611443 .00860898 .#0683764 

_-----_-- .08003406 0 
.39472816 .4W24499 .42116888 

--------- .21848018 .32954358 
_--_----- .66388412 .68479249 .80938831 

.08811448 W36~8W .008(13764 .18642030 

460 441 468 

: : : 0 

843 843 843 
8.80 4.28 3.94 

.0030348 .00380804 .00832142 .00382142 

--------- .00003406 0 .00801702 

.00011448 .00360893 .00663764 
_- -_-_--- .00384209 .00332142 
_----_--- -.0001332 .08381812 
--------- 1.0379490 .58039910 

f:g:: 
#44/#39 

(58 
#32.(36.)431~40 
(47.(47b-#48-(47r 
((48+(471)/((47*47b) 

Fro, process data 
From mrlysis 
(62~#63/1000808 

From Sheet 1. rverrge 
From analysis 
~66~~68/1800800 

Average 126 

Load bimion Factors 
88. Coal firing rate 
84. Coal heating value 
86. Firing rrta 

Boiler aimion 
88. Matrl mi*sione 
87. MatsI emissions 

EP missions 
88. Metal misaims 
09. U&al enimions 

SNRB 09issions 
70. U&al emissions 
71. Metal missions 

Rsroral Efficirnciw 
72. DP 
78. SNRB 

Ib/hr 128240 128240 126240 
k/lb 12621 12621 12821 
Il.6 Btuh 1693.2760 lbO3.2760 1698.2760 

Ib/hr .274P6611 .168829W .28119183 
lb/llr0 Btu .00017267 .00009066 .00017049 .00014064 

.00004600 

Ib/hr 0 .00024387 0 
IblUr Btu 0 .0080WlO 0 W80E805 

.#0880889 

Ib/hr -----_-_- .01003485 0 
Ib/l0r8 Btu --------- .00800E94 0 .00888831 

.80000086 

percent 100 99.838220 100 
percent --------- 99.029741 100 

Fran Sheet 1 
Frm Sheet 1, werage 
#63*#04 

(12-#22.(12)1(#18)r(1/(1800000~46 
tww 



Uetrls Calculations: Antimony 

Test Y-l Y-2 u-3 
Date 4/27/93 4/29/98 4I38l98 

ktal flue gas loadings 

DP Inlet (Locrtion 10) 
1. Gas flow rate, dry 
2. Gas flo. rats, dry 
3. Metal loading 
4. Uetrl missions 
6. U&al aaisrions 

dscflmin 

ug/d;cm 
g/hr 
Ib/hr 

841246.3 348208.6 341162.2 From emissions calculations 
679792.09 688223.08 579632.21 (~1/36.314)*60 

4.6274 16.4268 13.8814 Fro@ n&Is analysis 
2.8249607 9.0742822 7.9185876 #2*#3/10000#8 
.00678698 .02000603 .01745728 (41463.6 

DP Outlet (Location 12) 
8. Gas flow rata, dry 
7. Gas flow rate, dry 
8. Ystrl loading 
9. !&al e9issionr 

10. Uetrl emissions 

dscflmin 
dscm/h 
ug/drcn 
s/hr 
Ib/hr 

374433.2 378892.3 375306 

““““ALES 636269.06 .0821 637888.98 .8216 
.68259992 .05216477 .01378971 
.80013801 .00011498 .68003022 

SNRB Inlet (Location 2) 
11. 01s flow rate, dry 
12. Gas flow ratm, dry 
13. bbtnl loading 
14. ktrl *missions 
lS.,Uet~l emissions 

dscf/nin 7644.8 7862.4 8604.2 
dscm/h 12818.939 13341.664 13599.479 
ug/dscm 7.6661 8.9977 8.2743 
g/hr .09686118 .12084339 .11262617 
Ib/hr .88021364 .00026466 .00024887 

SNR8 Baghouse Inlet (Location 6) 
la. Gas flow rate, dry 
17. Gas flow r&e, dry 
18. ktal loading 
19. U&al ssisrions 
20. l&ta1 e~isrions 

dacf/min 
dscn/h 
ug/drcl 
dhr 
Ib/hr 

8199.9 8669.6 9888.9 
13931.902 15869.881 16767.684 

8.0728 18.3206 13.2768 
.11247010 .27688688 .22260778 
.08024796 .I0080866 .00849076 

SBRB Uutlat (Location 7) 
21. Gas flow rate, dry 
22. Gas flow rate. dry 
28. Natal loading 
24. Metal emissions 
26. U&al wi8sionr 

f:f$;lin 

ug/drcm 
g/hr 
Ib/hr 

9614.8 9814.6 10068.6 
16188.063 16676.426 --------- 1.4662 1710&~~~ 

--------- .02444961 0 
_-_---_- _ .00006390 0 

Fro8 enissions calculations 
((B/36.314)*68 
From mstrls analysis 
#7r~8/1668000 
)9/458.8 

From aliasions calculations 
(#11/35.814)t60 
From metals analysis 
(llt#l3/1880800 
#14/468.6 

From emissions c.lculrtions 
((16/35.314)*88 
From metals analysis 
#17*(18/1800000 
#19/453.6 

From emissions calculations 
(~21/35.314)raE 
From metals analysis 
#22~~23/1008808 
#24/453.6 

Antiwany ~8s balancrr 

Bailer Furn~ca 
la. Pulrerized fuel fired 
27. U&l in pulv. coal 
28. Yatll to furnwa 

29. Furnace oetrl emissions 

88. Bottaq ash 
31. ktrl in bottom ash 
32. K&al in bottom ash 

33. Economiser hopper ash 
34. Yetrl in hopper ash 
36. U&al in hopper rsh 

36. Total metal out 
37. hIeta1 in - l&ta1 out 
38. Uotll out/metal in 

Ib/hr 
"g/g 
Ib/hr 

Ib/hr 

Ib/hr 
"PIP 
Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 
Ib/hr 

126240 126240 128240 

: 0 a 0 0 0 

.00960248 .0118Elg8 .01050932 .01067126 

3529.7189 3629.7139 3629.7139 
.31 .EO .00 

.00109421 0 0 .00036474 

1178.6890 1176.6898 1178.6898 
.78 .00 .w 

.00091936 a 0 .08030648 

.01161606 .01160196 .01050982 
-.0116180 -.0116820 -.8106093 

From Shad 1 
From anrlysir 
(26r(27/1000086 

From Shrat 1, warrgs 
From analysis 
(38r#31/1000000 

Froa Sheet 1, wsrrge 
Fran rnrlysis 
(33r(34/1000000 

y;+*35 

I36/128 



39. BP inl*t *etaI **i**ion* 

46. 5P outlet **trl 09ir*ion* 

41. DP hoppar p*rticulrte 
42. Uetsl in BP part. 
43. Uetal in BP part. 

44. Total *&*I out 
45. k&al in - Ust*l out 
46. kt*l out/**t*l in 

Boiler *nd BP 
47. U*t*l to furnrc* 
47*.Y*t*l Exiting to SNRB *y*t** 
47b U&al antering fro* SNRB *yst.r* 
48. Tot.1 *&.*I out (smpt (471) 
49. Uet*l in - U&l out 
60. Uat*l out/*&al in 

SNRB *y*t** 
61. SNW system inlat *atal 

62. C*(OH)l injection 
53. Uat*l in C*(OH)l 
64. Uetrl in C*(OH)l 

66. B*ghou** di*ch*rg* 
66. U&al in b*ghou** discharge 
67. U&l in brghou** discharge 

68. SNR3 sy*ts* outlet a*is*ion* 

69. Tots1 *&,*I in 
68. Total *&*I out 
ai. Uetal in - hbt*l out 
62. ktsl out/*st*l in 

lb/h? 

Ib/hr 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
lblhr 

Ib/hr 

Ib/hr 
"O/D 
Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.00960246 .01180198 .01860932 .01067126 

.06813801 .6061UPB .86803022 .08009440 

11629.249 11629.249 11629.249 
1.26 1.43 1.46 

.01452886 .81846683 .01708329 .01602688 

.81486486 .0iaa018i .a1709351 
-.w50824 -.0849W8 -.0035342 
1.6271988 1.4309481 1.8265098 

.0002135: .0002848: .0002480: 

__ -_-_-_- .00006390 .01867846 .61680181 .0170986: 
----_-_-_ -.0168126 -.0173418 
--------- 312.91518 

.00021864 .00028466 .00024807 .00024209 

460 441 468 
1.30 1.30 1.30 

.000686 .0086738 .0086964 .00068457 

043 843 848 
.48 .a9 ,611 

.80040464 .00058167 .I0047208 .00048613 

_--- -_-_- .00006398 0 .W002896 

.08079864 .00088795 .00084347 
_---_-_ .ww3557 .w047208 
--------- .00020287 .a8037139 
--------- .76848693 .65988659 

(#2-#22*#12)*(#13)r(1/(1800000*4 

W 

Fro* Sheat 1, rverrgs 
Fro* malysis 
#23.#25/1000000 

gf:: 
(441139 

*se 
#32.#36.#43.#40 
#47.#47b-#48-(471 
(#48.#47*)/(#47.47b) 

(15 

Fro* pro<*** drtr 
Fro* *n*lysis 
#52*#53/1008000 

Frm Shaat 1, overage 
Fro* *n*ly*i* 
#55*#50/1000000 

(26 

#61.#64 

g:5; 
fwf59 

Antimony fiirsion F*ctor* 
(19. Co*1 firing r*t* 
64. Co*1 hmting v*lu* 
66 Firing r*ta 

Boiler **i**ions 
06. U&l uis*ion* 
67. Uet*l emission* 

ESP emi**ion* 
68. Y&al ui**ion* 
89. U&l saissions 

SNRB anissions 
II. Yat*l l mi**ion* 
71. Yet*1 a*i**ion* 

Rmmov*l Efficiencia* 
72. ESP 
78. SNRB 

Ib/hr 126240 126240 126240 
k/lb lW21 12all izazi 
ior6 Btuh 1693.2760 1698.2760 1693.2760 

Ib/hr .00960246 .01160198 .01060932 
Ib/la~a Btu .08000603 .00008728 .00000680 .00000683 

.00000068 

Ib/hr .00013801 .00011498 .00003022 
Ib/l0*6 Btu .0008008g .00008007 .00000002 .0W0WE6 

.owawa4 

Ib/hr --_------ .00686896 0 
Ib/lLa 8tu --------- .00008148 0 .00000040 

.00000106 

porcmt 90.502797 99.008986 W.712488 
perc*nt --------- 79.632773 11 

Frm Sheet 1 
Froa Sheet 1, werags 
#68*#64 

(#2-#22.#12)t(#l3)r(l/(lE00000:45: 
*evfe5 

#lo lea/#86 

125 
(#70/#85)*((#1-#21~#11)/#111 

(#67-*69)~l00/#67 
(#El-#68)rl80/#51 



kt*l* Calculations: Selenium 

Test 
Dsta 

kt*l flue grr loadings 

ESP Inlet (Location 10) 
1. Gas flow rata, dry 
2. Gas flow rat*, dry 
3. U&al loading 
4. Ystal missions 
6. U&l *missions 

DP Outlet (Location 12) 
a. Gas flor r*te, dry 
7. Gas flow rat*, dry 
8. U&al loading 
9. kt*l niuians 

10. Uetrl amissions 

SNRB Inlet (Location 2) 
11. 01s flow rat*, dry 
12. Gas flo* rrta, dry 
13. U&l loading 
14. Yetal e*i*sion* 
16. l&t*1 **iuions 

SNRB Baghouse Inl*t (Location 6) 
16. Gas flow A*, dry 
17. G*s flo* rat*, dry 
la. kbt*l loading 
19. U&l *mission* 
20. U&l emi**ion* 

SERE Outlot (Lec*tion 7) 
21. Gas flow rat*, dry 
22. Gas flo* rat*, dry 
23. Uet*l lo*ding 
24. U&al e*issions 
26. Yetal emissions 

dscf/min 841246.3 348206.6 341162.2 Fro* *missions c*lculrt.ion* 
dscn/h 579792.09 688223.08 679832.21 (#1/35.314)r80 
ug/dsc* 34.1682 90.9122 193.0787 Fro* *stals anrlyria 
g/hr 48.794269 53.478856 111.91348 #2t#3/l0EE000 
Ib/hr .18767112 .11789388 .24672283 #4/463.6 

j::fj;l i n 

ugldrca 
g/hr 
Ib/hr 

374433.2 873892.3 376306 From *missions calculations 
838178.08 035259.06 637680.98 (*6/36.314)~60 

84.6056 8.3063 11.2978 From m&Is *n*lysis 
58.824168 4.0054989 7.2041883 #7r#a/l8000ee 
.118869g7 .80883046 .01688220 *s/453.6 

;::!$;I i n 

ug/dsc* 
g/hr 
lb/h? 

7644.8 7862.4 8004.2 Fro* e*issionr calculations 
12818.939 13341.664 13599.479 (#11/36.314)*00 

148.6547 89.6326 201.8141 From matrlr rnrlyais 
1.9843138 1.1945049 2.7445888 #l2*#l3/l000000 
.00419822 .00283339 .00606088 *14/453.6 

drcf/min ai99.9 8869.6 9aaa.g 
dsc*/h 13981.982 16089.831 16767.684 
ug/dsc* 112.6046 164.1961 142.0666 
g/hr i.6aaaa52 2.8236940 2.3819418 
Ib/hr .00346867 .00612278 .08626119 

Fro* **issiont calculations 
(*i6/36.314)~60 
Fro* metals analysis 
#17*#18/1000080 
#19/463.6 

drcf/*in 
dscs/h 
ugldrcs 
g/hr 
Ib/hr 

9614.6 9814.6 i0aa0.a 
ialaa.a63 16676.426 17108.983 

__---_-- - .0000 .a000 
--__ _____ 
-----_-_ - : : 

Fro* **issions calculations 
(#21/86.814)r60 
From metals analysis 
#22~#23/lE80000 
#24/468.8 

U-l u-2 u-3 
4/27/93 4/29/93 4/30/98 

comsnts 

S*I*nium **ss bsl*ncrs 

Boiler Furnace 
26. Pulwrirad fusl fired 
27. U&al in pulr. coal 
28. U&l to furnrcs 

29. Furnsc* m&ml emissions 

30. Bottom ash 
31. U&l in bottw srh 
82. Yat*l in both rrh 

33. Econo*irer hoppar ash 
34. U&al in hopper srh 
86. U&al in hopp*r ash 

36. Total &*I out 
37. Ystal in - U&l out 
38. Uetll out/s&l1 in 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 
Ib/hr 

126240 128240 126240 
8 2 

.37872 .3787i .26248 .33664 

.18878662 .11644677 ,25682786 18686368 

3629.7139 3629.7139 3629.7139 
.I .I .I 
0 0 0 0 

1178.6898 1178.6898 1178.6898 
.I .a .I 
0 0 0 0 

.18878662 .11644877 26632736 

.18W3333 .28327323 - .0036474 

.49848661 .30488409 1.0162883 .6E618612 
.36724380 

From Sheet 1 
Fro* *n*lyris 
*26~*27/i000000 

Fro* She& 1. sv*rag* 
From *nalysis 
#30~#31/1000000 

Fran Sheet 1, werage 
From *n*lysis 
#33~#34/1000000 

f220gf_f33+#35 

[;;if 28 



39. BP inl*t *etaI missions 

40. ESP outl*t *etrl emissions 

41. ESP hopper particulate 
42. Yatrl in BP part. 
43. Natal in BP part. 

44. Total m&ml out 
46. K&l in - U&al out 
46. U&l out/*&al in 

Boiler md BP 
47. lhtrl to furnrcs 
47*.Yat*l miting to SNRB aystm 
47b U&al *nt*ring fros SNRE systm 
48. Total **+.*I out (axcapt #47r) 
49. U&l in - U&l out 
60. Lbtal out/*&*1 in 

SNRB ryst** 
61. SNRE systm inlet setrl 

62. C1(OH)l injection 
68. kt*l in C*(OH)l 
64. U&al in CI(OH)Z 

66. Baghouse discharge 
50. Metal in b*ghousa dischrrg* 
67. Metal in baghousa discharge 

68. SNRB systs* outlet *missions 

69. Tot*1 m&al in 
60. Total **ta1 out 
ai. kt*l in - kbt*l out 
62. Metal out/**t*l in 

Ib/hr 

Ib/hr 

Ib/hr 
W/P 
Ib/hr 

Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 

Ib/hr 
"PIP 
Ib/hr 

Ib/hr 
w/g 
Ib/hr 

Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.18878662 .1X44677 .25632736 .180;;368 

.11885997 .00883048 .01688220 .04779088 

11529.249 11529.249 11629.249 
9.41 10.50 12.30 

Fro* Sheet 1, warage 
Fros analysis 

.10849024 .12106712 .14180977 .12878671 #23.#25/1060000 

.22715021 .12988758 .15769197 
-.0383836 -.0144488 .8986853g 
1.2082114 1.1250884 .81619768 

.37872 .87872 .25248 
.00419822 .00263389 .006E6E88 

_------_- 
.227isazi .im875", .i576919~ 

--------- .24819903 .08873740 
--------- .34991807 .84863892 .49922750 

.00419822 .0828333g .00806083 .00429408 

460 441 468 
.a .a .a 
8 I 0 0 

843 848 848 
5.18 6.83 6.44 

Fro* Shaet 1, wsnga 

.00438674 .00491489 .00642892 .00490346 
Fro* analysis 
#5s*#6a/l00000s 

--------- 0 0 a 

.00419822 .00268839 .006E6068 
--------- .00491469 .00642892 
--------- -.0022813 .00062171 
--------- 1.8662990 .89724844 

#10 

#40.#43 

(58 
#32.#35.#48*#40 
#47.#47b-(48-1471 
(#48.#47*)/(#47-47b) 

(15 

Fro* proc*ss data 
From analysis 
#62r#63/l808000 

S*l*niu* Emission Factors 
68. Co*1 firing rats 
64. Coal halting value 
86. Firing r& 

Boiler missions 
88. Netal missions 
87. Mot*1 missions 

EP e*i**ions 
80. M&al emis: ~IU 
69. kt*l emissions 

SNRB emissions 
70. Yatll emissions 
71. Metal rissionr 

Remorml Efficiencies 
72. ESP 
73. SNRB 

Ib/hr 126240 126240 126240 
k/lb izazi 12621 12621 
i0*6 Btuh 1693.2760 1698.2760 1693.2750 

Ib/hr .18878662 .il544677 .25632736 
Ib/lO*(l BtU .0001184g .00007246 .08016088 .00011728 

.00004422 

Ib/hr .ll(M5997 .0g88304a .01588220 
lb/Mr6 Btu .00007448 .00000564 .00080997 .E00E3E00 

.00803858 

Ib/hr __ __--_-_ 0 
Ib/lOr6 St" --------- a : 0 

a 

pmrcant 37.146986 92.361060 93.803939 
percent _ __-_-___ 180 100 

From Sheet 1 
Fro@ Sheet 1, wenge 
*63**64 

110 *was 

126 (#~~/#~~)*((#1-#21.#11)/#11) 

(*67-*69)*i00/*67 
(#El-#58)rlE0/#51 



APPENDIX E 

s 3 T 



udalr Results: hbrcury 

Test U-l u-2 u-3 Average 
Date 4/21/93 4129193 4130193 21,29,30 

lbrcury nrr balances 

Railer Furnrcs 
kbrcury in pulv. coal 
krcury in bottom ash 
krcury in hopper ash 
Furnxe mercury emissions 

Ib/hr .a19411 .a10411 .a10411 .a13411 
Ib/hr .0000fla .a00000 .a00000 .000000 
Ib/hr .a00000 .a00013 .0aaaaa .000004 
Ib/hr .a11014 .010211 .011906 .a12026 

Total .ercury out 
Ysrcury in - Mercury out 
krcury out/mercury in 

Ib/hr 
Ib/hr 

.a07074 .010230 .011906 .012030 

.a00531 .a00101 -.001674 .a04302 
,400 ,623 1.098 .133 

E5P 
DP inlet mercury omissions 
krcury in ESP part. 
ESP outlet mercury emissions 

Total .arcury out 
Uorcury in - Ysrcury out 
Uarcury out/mercury in 

Ib/hr 
Ib/hr 

Boiler and ESP . 
Mercury 1" put". coal Ib/hr 
krcury entering from SNRB aystsmlb/hr 
Total .ercury out (except to SN""~~\~; 
Mercury exiting to SNRE system 

lb/hr .a01014 .010211 .011906 .012026 
Ib/hr .a03024 .a04622 .006003 .a04470 
Ib/hr .012629 .a13503 .016101 .a13904 

.016063 .010006 .021644 
-.001119 -.001060 

1.900 1.170 

.0104Sl 
-.003ESQ -.a00435 

1.203 1.964 

Total mercury in 
Total mercury out 
Uercury in - kcury out 
Yarcury out+ercury in 

SNRB system 
SNRO rystaa inlet mercury 
krcury in Ca(OH)Z 
lbrcury in baghouse dischtrga 
SNRB ayste8 outlet emissions 

Total mercury in 
Total .rrcury out 
krcury in - krcury out 
krcury out/mercury in 

hission Factors 
Boiler amissions 
EP emissions 
SNRB e#irsionr 

Standard Deviations 
Boiler emissions 
BP emissions 
SNRB emissions 

86 parcant confidence interval 
Boiler emissions 
EP enirrions 
SNRE emissions 

Rnroral Efficiencies 
ESP 
SNRB 

Standard Deviations 
ESP 
SNRB 

9Sppsrcsnt confidence intarval 

SNRB 

Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
lb/hr 
Ib/hr 

Ib/lE~lZ Btu 4.94 a.41 11.29 1.66 
I b/llrlZ Btu 1.93 0.61 9.09 0.10 
lb/10*12 Otu 11.06 11.21 16.11 12.40 

percent -00.30 -32.16 12.31 -211.92 
percent -123.11 -76.13 -33.03 -77.70 

.01(1411 .a19411 

.000392 .a00410 

.a15653 .a10090 

.0001X .000233 

.a16003 .a16021 

.915020 .a10331 

.a00976 -.001511 
,942 1.090 

.a00115 .a00233 
: a 

.000392 .00041: 

.000116 .a00233 

.a00392 .a00410 
-.000217 -.000110 

2.230 1.157 

.a10411 .a10411 

.090580 .a00451 

.a21644 .010465 

.00042S .000210 

.a10979 .a16060 

.02200* .010143 
-.005089 -.001076 

1.300 1.111 

.000425 .000210 
a 

.aaa60: .000461 : 

.000426 .a00210 

.a00668 .000461 
-.a00144 -.a00110 

1.330 1.110 

3.32 
1.01 
2.20 

0.26 
2.61 
6.66 

30.72 
46.00 

91.23 
111.00 



ktrls Results: Chromium 

Test M-l u-2 u-3 Average 
Date 4/21/93 4/29/93 4jaal93 21,29,30 

Chromium mass balances 

Boiler Furnace 
Metal in pulv. coal 
Ystal in bottom ash 
Metal in bottom ash 
Furnace metal emissions 

Total metal out 
Natal in - Netal out 
Natal out/natal in 

tyr 
lb/h: 
Ib/hr 

Ib/hr 
Ib/hr 

i.767360 2.019040 
.30ia90 .407329 
.144743 .142504 
.a0asas .34isaa 

1.374330 .a91340 
.393022 I. l206aa 

.iia ,441 

i.7073.50 i.06l620 
.393583 .307327 
.136139 .141120 

1.101059 .991291 

2.311500 1.626140 
-. 544200 .326114 

1.300 ,042 

ESP 
BP inlet metal emissions Ib/hr 
M&al in BP part. Ib/hr 
BP outlet wtal saisrions Ib/hr 

Total wtrl out 
lbtal in - Lbtrl out 
U&al wtlnetal in 

Ib/hr 
Ib/hr 

Boiler and ESP 
Natal in pulv. coal Ib/hr 
Metal entering from SNRB system Ib/hr 
Total metal out (except to SNRB) Ib/hr 
MaI exiting ta SNRB sysk~ Ib/hr 

Total metal in 
Total metal out 
Metal in - Metal out 
Metal out/metal in 

Ib/hr 
Ib/hr 
lblhr 

SNRB system 
SNR0 rystsl inlet wtrl 
ktal in Ca(DH)2 
Metal in brphouse discharge 
SNR0 system outlet emissions 

Total wtal in 
Total metal out 
U&al in - Metal out 
Metal out/metal in 

tiirrion Factors 
BoiI*r l issioru 
BP snirrions 
SNRB omissions 

Standard Deviations 
Boiler emissions 
DP eDirsions 
SNRE amirriona 

Sb percent confidence interval 
Boiler uissions 
OP s~issions 
SNRE emissions 

Removal Efficiencies 

Eic* 

Standard Deviations 

KE 

9Sppsrcent confidence interval 

SNRB 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

lbllErl2 0tt1 545.11 214.34 il10.30 026.94 
lb/la*12 9tu .14 1.06 .96 .9a 
lb/la*12 0tu a 10.40 a 3.51 

parcsnt 
percent 

.a60505 .341508 
1.435392 1.433006 

.a00224 .002s65 

1.435010 1.430041 
-.501111 -1.094533 

1.653 4.205 

i.767360 
a 

I .941449 
.als314 

i.787360 
i.960703 
-. 193403 

1.109 

2.019040 
.aaa3ai 

i.906.973 
.007790 

2.020221 
1.993663 

.0205sa 
,901 

.a19314 .007790 

.aaa505 .aea673 

.a26470 .a28092 
a .aaa38i 

.ai9099 .000303 

.a20470 .a27273 
-.00667i -.a18909 

1.330 3.201 

99.91 
i00.00 

99.1s' 
96.11 

1.101059 .QSl291 
i.4i9027 1.425160 

.00i510 .a01686 

1.411545 1.421134 
.370313 -.430443 

,192 2.211 

1.101300 1.061620 
.aaaaa2 aaai2a 

1.941241 1.950190 
.a42081 .a23065 

1.187362 1.051940 
1.903300 1.919245 
-.216940 -.121591 

1.122 1.073 

.042aei .023056 

.a00596 .aaa505 

.a29330 .0276~ 

.000002 .aaai2a 

.542666 .a23639 

.a29330 .a27694 

.ai33la -.a04054 
,688 1.700 

451.40 
.a0 

0.04 

1130.30 
2.13 

16.00 

99.91 99.01 
100.00 90.37 

.41 
2.02 

1.10 
7.01 



Uetals Results: Cadmium 

Test M-l u-2 u-3 Awage 
Date 4/21/93 4/29/93 4i3ai93 27,29,30 

Cadmium mass balances 

Boiler Furnace 
U&al in pulv. coal 
Metal in bc.tto# ash 
Metal in bottom ash 
Furnace metal emissions 

Ib/hr 
Ib/hr 
Iblhr 
Iblhr 

Total metal out 
U&al in - U&al out 
MaI outlmstal in 

a a 
.a~0609 .009177 .ala23~ .a~aaa~ 
.a02947 .021600 .a06000 .aa99ai 
.009404 .aala03 .a10290 .a09194 

.a22940 .a32740 .a3ioaa .029~90 
-.a22940 -.a32740 -.a3lsaa -.a29090 

DP 
ESP inlet wtal aliasions 
Metal in ESP part. 
DP outlst aeta1 amissions 

Total metal out 
MaI in - Metal out 
u&al outlmetal in 

Boiler and DP 
U&l in pulv. coal 
Metal entering from SNRB system 
Total metal out (except to SNRB) 
U&al exiting to SNRB system 

Total metal in 
Total metal out 
Metal in - Metal out 
ktal out/metal in 

SNRB systn 
SNR0 system inlet ertrl 
Metal in Q(W)2 
Metal in brghouse discharge 
SNRB syrtem outlet emissions 

Total metal in 
Total metal out 
U&al in - Metal out 
Uetal out/metal in 

biuion Factors 
Boiler emissions 
DP emissions 
SNRB emissions 

Standard Deviations 
Boiler emissions 
DP uissions 
SNRB emissions 

96 percent confidence interval 
Boiler emissions 
DP emissions 
SNRB emissions 

Raaoval Efficiencies 

EE 

Standard Rviations 

EKE 

Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

Iblhr 
Ib/hr 
lb/h? 
Ib/hr 

.a09404 .001003 

.a14900 .a17294 
a a 

.a14988 .a17294 
-.005504 -.016411 

1.694 9.100 

.a16296 .a09194 

.a09223 .a13036 
a a 

.a09223 .a13835 

.007072 -.00404i 
.680 3.702 

.00001~ .aa004~ .aaa00~ .aaaa2~ 

.a20524 .a48169 .a24520 .a33737 

.000209 .000043 .000306 .000212 

Ib/hr 
Iblhr 
Iblhr 

.000012 .aaaa4a .a00097 .aaaa2a 

.020733 .a40202 .a24913 .a33949 
-.a20721 -.a40162 -.a24900 -.a33930 

2443.0126 1191.9110 300S.0312 2434.9605 

Ib/hr 
Iblhr 
Ib/hr 
Ib/hr 

Ib/hr 
Iblhr 
Iblhr 

Ib/l#rl2 0tu 
I b/l#r12 Stu 
lbliEri2 Btu 

percent 
percent 

.000209 
a 

00001~ 

.000209 

.aaaal2 

.aaai97 
.a58 

5.90 

.3: 

ion 
94.30 

.aaaa43 .aaa306 

: : 
.aaaa4a .aaaaa7 

.aaaa43 .000306 

.aaaa4a ~000007 

.aaaaa3 .a00370 
,942 .a10 

1.10 
a 

1.11 

la.23 

.1: 

100 100 
6.03 90.24 

.000212 
a 

.aaaa2~ 

.000212 

.a90020 

.aaal93 
,339 

6.11 
a 

.54 

4.52 

.5: 

11.24 

1.2: 

100 
66.16 

.a0 
52.21 

SS percent confidence interval 
BP 
SNRB 

2.490e14 
129.00 



Metals Results: Nickel 

Test U-l u-2 u-3 Average 
Date 4/27/93 4/29/93 4/30/93 27,29,30 

Nickel sass balancss 

Bailer Furnace 
U.&al in pulv. coal 
kbtal in bottom ash 
U&al in bottom ash 
Furnace setal missions 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

.6636aa 1.136160 

.140601 .265161 

.a69996 .a69770 

.393434 .194344 

.602030 .6299ia 

.2ai650 .606250 
,661 ,466 

1.009920 1.009920 
.160249 .191646 
.a66931 .a62236 
.a48968 .478912 

Total metal out 
Metal in - Metal out 
Yetal out/satsl in 

1.066130 .132693 
-.066210 .211227 

1.066 ,134 

OP 
E5P inlet metal emissions 
Lbtrl in DP part. 
UP outlet aeta1 emissions 

Total metal out 
u&al in - MaI out 
Metal out/metal in 

Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

Boiler and BP 
Metal in pulv. coal lb/ 
Metal entwin fros SNRB system lb/~ 
Total setal out (except to SNRB) ;t.;b; 
U&al exiting to SNRB systu 

Total setal in 
Total satal out 
Mstal in - Mstal out 
tbtsl out/metal in 

Ib/hr 
Ib/hr 
Ib/hr 

SNRB system 
SNRE system inlet metal 
Natal in ta(OH)2 
Mets1 in baghouse discharge 
SNR6 systes outlet missions 

Total satal in 
Total metsI out 
Uetsl in - Mets1 out 
Ystrl out/setal in 

fiission Fsctors 
Boiler missions 
ESP emissions 
SNRE esirsions 

Standard Deviations 
Boiler emissions 
ESP esissims 
SNRB emissions 

95 percent confidence intarvsl 
Boiler esissions 
OP missions 
SNRB emissions 

Rssoval Efficiencies 

KE 

Standard Deviations 
BP 
SNRg 

95 percent confidence interval 

& 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

I b~10~12 0tu 
IbllErl2 Btu 
lb/l#r12 0t.u 

percent i00.00 99.63 lea .a0 99.94 
percent 98.99 26.39 100.00 76.12 

.393434 .194344 .a48960 .478912 

.601021 .600296 .661379 .661161 
a .a90322 a .000107 

.601027 .666610 .6al379 .651215 
. ,2aa393 -.494274 .1676aa - .lia362 

1.530 3.543 ,003 1.959 

aa36aa I. i36i60 
.aaaa69 .a03263 
.a10423 1.024104 
.aaa749 .a04433 

.063769 1.139423 

.a19172 1.02a617 

.a64597 llaaa6 
,921 ,903 

.aaa749 .a04433 
a a 

.aiaii6 .ai6ias 

.aaaaa9 .a03263 

.006.149 .004433 

.aia2a6 .a19449 
-.aai456 -.015016 

1.16d 4.301 

246.93 121.9a 

2.6: 
.2a 

89.79 

i.009920 1.009920 

.09056~ 
.aaiiii 
.9lia55 

.a20040 .011074 

i.009920 i.011037 
.9ia690 .922129 
.a91322 aaa900 

,910 .913 

.020040 .aiia74 

.aiaii~ .ai213i 
a .aaiiii 

.020040 .aila74 

.01011a .am67 

.a09924 -.002103 
,506 2.aia 

532.04 
a 
a 

300.58 
.a7 

30.77 

210.62 
.12 

51.13 

523.26 

121:: 

.ia 
42.21 

.24 
104.87 



tbtrls Rssults: Barium 

Test U-l u-2 u-3 Average 
Date 4/21/93 4129193 4/30/93 21,29,30 

Barius sws balances 

Boilor Furnace 
Ystrl in pulv. coal 
Yetal in bottos ash 
U&al in bottos ash 
Furnace setal esissions 

Ib/hr 5.600a00 6.438240 5.a07040 6.s76360 
Ib/hr .645232 .748052 .S20260 .636055 
lb/h? .201674 .256649 .210160 .223660 
Ib/hr 1.176331 .963769 3.165562 1.965216 

Total sstrl out 
Yetll in - U&al out 
Yst~l outlsstrl in 

Ib/hr 
Ib/hr 

2.023242 1.961261 4.495992 2.026620 
3.6515S0 4.41690S 1.311046 3.146632 

,366 ,305 ,114 ,470 

ESP 
BP inlet sstrl asissions 
Netal in BP part. 
DP outlet setrl esissions 

Total satsl out 
U&al in - Yetal out 
tbtal out/&al in 

Ib/hr 1.116331 .95315S 3.166552 1.965216 
Ib/hr 2.66056l 2.020054 2.850030 2.783545 
Ib/hr .000000 .aa4776 000000 .aai692 

Ib/hr 
Ib/hr 

2.680661 2.824830 2.650030 2.786137 
-1.604214 -i.aiiaii .915521 -.619921 

2.219 2.962 ,757 1.999 

Boiler md ESP 
Natal in pulv. coal Ib/hr 
Mstsl antaring fros SNRB system Ib/hr 
Total sotal out (sxcspt to SNRB) ;$h; 
Yatsl exiting to SNRB system 

Tots1 setal in 
Total sstal out 
U&al in - U&al out 
Yatsl out/sstrl in 

Ib/hr 
Ib/hr 
Ib/hr 

SNRB systss 
SNRg system inlet natal 
U&al in Ca(OH)2 
Netal in baphouse discharge 
SNRB systas cutlet esissions 

Total metal in 
Total sstsl out 
Uetrl in - Nstal out 
Metal outlletal in 

Gission Factors 
Boiler ssissions 
DP emissions 
SNRB emissions 

Standard Deviations 
Boiler esissions 
ESP ssissions 
SNRB emissions 

95 percent confidsnce interval 
Boiler emissions 
OP esissions 
SNRB emissions 

Removal Efficiencies 

EL 

Standard Lkvirtions 

& 

95 percent confidmncm interval 
ESP 
SNRg 

Ib/hr 
Ib/hr 
Ib/hr 
lb/hr 

Ib/hr 
Ib/hr 
Ib/hr 

lb/la*12 6tu 
lb~10r12 Otu 
lb/l&12 Btu 

percent 
p*rcent 

6.660000 6.430240 6.007040 5.975360 
a .aaaall a .aaaaa4 

3.521466 3.032323 3.660471 3.646160 
.026169 .a21766 .aaaaas .046600 

5.6B0890 6.430261 6.60l040 6.976364 
3.563615 3.664610 3.669351 3.692350 
2.127185 2.504113 2.137683 2.283014 

,626 .699 ,632 ,619 

.a25159 .021166 .aaaaas 

.a06345 .aasll6 .006916 
aSsa2a .aa7607 .aa69l3 

I .aam0ii a 

.a32604 .02687l ass602 
aasa2a .00769a .006913 

.025616 .a19273 .a88889 
,210 ,203 ,072 

.046600 

.006126 

.aa7ia9 

.aaaaa4 

.051126 

.007113 

.044613 
.i6a 

738.31 

: 

698.62 2363.40 1233.44 
3.00 a 1.00 

.3a a .ia 

961.00 
1.13 

.16 

2431.36 
4.30 

.44 

ion. am 
109. am 

99.60 
99.95 

lea. 00 
i00.00 

99.63 
s9.90 

.29 

.a3 

.12 

.01 



Metals Results: Cobalt 

Test U-l u-2 U-3 Avara9e 
Oh 4/21/93 4129193 4/38/93 21,29,30 

Cobalt mss bslancrs 

Boilsr Furnace 
Metal in pulv. coal 
Yctal in bottom ash 
U&al in botton ash 
Furnace netal emissions 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

.2524aa .378720 .2624aa 

.921532 .067la4 .06a240 

.a16794 .826638 .a13083 

.160661 .a57432 .305201 

.204lai .111254 .456625 

.a43293 .201468 -.204046 
a09 ,452 1.sae 

.294560 

.a57862 

.01a505 

.201164 

Total satal out 
Ustsl in - Ustal out 
ktsl outlsstal in 

Ib/hr 
lb/hr 

.211322 

.a17238 
1.023 

ESP 
BP inlet sstrl esissions 
U&al in DP psrt. 
ESP outlst setal esissions 

Total wtal out 
Metal in - ktal out 
Uatal out/s&al in 

Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

Boiler snd BP 
ktal in pulv. coal Ib/hr 
Untsl entering fras SNRE systm Ib/hr 
Total metsl out (axcspt to SNRB) Ib/hr 
MaI exiting to SNRE system Iblhr 

Tots1 natal in Ib/hr 
Tots1 satsl out lb/hr 
ktrl in - Metal out Ib/hr 
U&al outlwtrl in 

SNRE systss 
SNRB systes inlet setal Ib/hr 
Metal in Q(OH)2 Ib/hr 
ktsl in brghouse discharge Ib/hr 
SNRB system outlet esisrions Ib/hr 

Total W,sl in Ib/hr 
Total setal out Ib/hr 
Mstsl in - Metal out Ib/hr 
Uetsl out/metal in 

Esission Factors 
Boiler esissions 
ESP esissions 
SNRB emissions 

lb/la*12 Otu 
I b/10*12 0tu 
lb~10*12 Btd 

Standsrd Deviations 
Boiler ssiuions 
DP ssissions 
SNRB esissions 

95 percent confidence intervsl 
Boiler emissions 
BP emissions 
SNRB asissions 

percent 
percent 

Ronoval Efficiencies 
ESP 
SNRB 

Standard Dsvirtions 

% 

95 psrcent confidence interval 
EP 
SNRB 

.160861 

.221362 
a 

.221362 
-.060601 

1.316 

.a57432 .365201 

.171660 .237503 
a a 

.2aiia4 

.21213a 
a 

.i77650 .237503 .212130 
-.120119 .I41696 -.010914 

3.092 ,611 1.595 

.2524aa 

.26466: 

.a03577 

.2624aa 

.268266 
-.0157a6 

1.063 

.370720 .252400 

.aaaa99 

.291373 .30662~ 

.001310 .a09093 

.2945.sa 

.aaaa33 

.260296 

.004660 

.370819 .2524aa .294593 

.292603 .311919 .292956 

.aa6136 -.a66439 .aai637 
,173 1.25s 1.031 

.aa3677 

.003420 

.a06648 
a 

.006991 
aa564a 
aai34s 

,601 

.001310 

.a03352 

.006177 

.a00099 

.a04662 

.aaa276 
-.0036i4 

1.116 

.a09093 

.aa34al 

.007503 
a 

.a12674 

.a07503 

.aasa7l 
.691 

.004660 

.awii 

.007109 

.aaaa33 

.007142 

.a00935 
1.060 

100.96 
a 
a 

36.06 

2.7: 

241.77 126.26 
I a 
a .91 

105.17 
.a0 

1.61 

261.20 
.a0 

3.90 

100.00 100.00 100.00 100.00 
100.00 92.45 100.00 97.48 

.a0 
4.36 

.a0 
in.83 



Ystals Results: UaoQrness 

Test Y-l Y-2 u-3 Arsrrgr 
htm k/27/93 4129193 4/30/93 21,29,30 

Manganese .a,~ brlmcea 

Boiler Furnace 
Yetal in pulv. coal 
Metal in bottom ash 
Metal in bottom ash 
Furnace ntrl emissions 

Ib/hr 2.524600 2.396560 2.272320 2.396660 
Ib/hr .626966 490903 .606606 .587920 
Ib/hr .177962 .174092 .X7944 .170006 
Ib/hr .676931 .305164 1.617104 .999740 

Total metal out 
U&al in - Metal out 
Ihal out/metal in 

Ib/hr 
Ib/hr 

1.661699 .970260 2.460667 1.071672 
.942901 1.426300 -.206637 .720666 

,627 ,406 1.092 .706 

BP 
DP inlet metal amissions 
Ystal in ESP part. 
ESP outlet metal nirrions 

Total aeta1 out 
Metal in - Metal out 
Metal out/nstal in 

Boiler snd BP 
U&al in pulr. coal 
Uetrl entering from SNRB system 
Total metal out (except to SNRB) 
Metal exiting to SNRB systu 

Total metal in 
Total metal out 
Metal in - Metal out 
Metal out/a&al in 

SNRB system 
SNRB system inlet metal 
U&al in Ca(OH)Z 
Metal in bsghouse dirchrrge 
SNRB system outlet missions 

Total metal in 
Total natal out 
U&al in - U&al out 
NetsI out/metal in 

hission Factors 
Boiler emissions 
DP emissions 
SNRB emissions 

Standard Deviations 
Boiler missions 
BP emissions 
SNRB emissions 

96 percent confidence interval 
Boiler emissions 
DP emissions 
SNRB anissions 

Ramrat Efficiencies 

ZB 

Standard tbvistions 
ESP 
SNRB 

96 percent confidanca interval 

Ib/hr .676931 .306164 1.817104 .999748 
Ib/hr 1.644919 1.396192 1.267065 1.402725 
Ib/hr .0#0771 .044396 .003638 .016336 

Ib/hr 
Ib/hr 

1.646691 1.440567 1.270902 1.419060 
-.666760 -1.136403 .546282 -.419320 

1.703 4.720 ,699 2.394 

Ib/hr 2.524600 2.396560 2.272320 2.396560 
Ib/hr 8 .800046 .000009 .000016 
Ib/hr 2.250659 2.105663 1.934666 2.096992 
Ib/hr .019601 .006961 .042693 .023116 

Ib/hr 
Ib/hr 
Ib/hr 

2.524600 2.396686 2.272329 2.396676 
2.270160 2.112624 1.977646 2.120111 

.264640 .266962 .294761 .276467 
,699 ,661 ,670 ,663 

Ib/hr .019581 .006961 .042693 .023116 
Ib/hr .002206 .002117 .002473 .002265 
Ib/hr .031360 .030770 .626916 .I30346 
Ib/hr 0 .I00046 .000009 .000016 

Ib/hr 
Ib/hr 
Ib/hr 

.021706 .009076 .045366 .025363 

.031360 .030616 .020924 .030366 
-.009663 -.021736 .I16443 -.004963 

1.446 3.394 ,636 1.626 

lb/lOr12 6tu SM.40 
lb/lErlZ Btu .40 
Ib/lOrl? Btu 0 

pment 
mrcent 

99.91 
100.00 

191.56 1,140.46 627.47 
2.41 10.26 27.66 

1.27 .23 .50 

479.14 
16.26 

.66 

1,190.39 
37.97 

1.60 

65.45 
99.33 

99.79 96.05 
99.96 99.17 

6.31 
.36 

20.66 
.94 



Metals Results: Vanadium 

Test M-l u-2 u-3 Averrpr 
cata k/27/93 k/29/93 k/38/93 27,29,30 

Vanadium mass balances 

Boilar Furnace 
Yetal in pulv. coal 
MaI in bottm ash 
ktal in bottom ash 
Furnace netal missions 

Ib/hr 2.624608 3.406460 2.524680 2.619368 
Ib/hr .446003 .666176 .457084 .623927 
Ib/hr .162994 .203796 .I64074 .173621 
Ib/hr 1.167263 .761103 2.332200 1.426665 

Total metal out 
ktal in - Yetal out 
U&al out/metal in 

Ib/hr 
Ib/hr 

1.766060 1.663873 2.954876 2.124484 
.766748 1.766407 -.429276 .694956 

.699 .466 1.170 .706 

BP 
DP inlet metal eaissiona 
k&al in DP part. 
ESP outlet 9atal aliasions 

Total metal out 
kbtal in - Uetal out 
U&al out/metal in 

Boiler and DP 
Metal in pulv. coal 
Metal entering frw SNI(B ryrtem 
Total aeta1 out (except to SNRB) 
Metal writing to SNRB qstaa 

Total metal in 
Total matal out 
Metal in - M&ml out 
ktal out/&al in 

SNRB system 
SNRB system inlet metal 
Metal in Ca(OH)2 
Netal in baghousa discharge 
SNRB system outlet emissions 

Total metal in 
Total mat-1 ,out 
Uat*l in - Metal out 
Metal out/m&l in 

tiieaion Factors 
Bailer rmissioru 
DP uissions 
SNR6 emissions 

Standard kirtione 
Boiler *missions 
ESP emissions 
SNRB emissions 

96 percent confidence interval 
Boiler e9issiont 
SP slissi0t-a 
SNRB amissions 

Rouov8l Efficiencies 

KB 

Standard Ikviations 

.EB 

96 parcant confidence interval 

Es 

Ib/hr 1.167263 .701103 2.332200 1.426056 
Ib/hr 1.625068 2.167899 2.260589 2.007563 
Ib/hr 8 .004069 .086506 .06X32 

Ib/hr 
Ib/hr 

1.625060 2.191166 2.251016 2.069895 
-.667617 -1.418066 .061164 -.I2239 

1.564 2.606 ,965 1.770 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
lb/h? 
Ib/hr 

1g 
Ib/hr 

lb/lOr12 Btu 
lb/lL12 Btu 
lb/lOr12 Btu 

percmt 
percent 

2.624600 3.486466 2.624608 2.619368 
0 

2.423677 3.86315: 2.67209: 2.76664: 
.025956 .817617 .065862 .832942 

2.624680 3.406468 2.524008 2.619360 
2.449634 3.800976 2.927946 2.619506 

.074966 .327604 -.403146 -.000225 
,970 ,904 1.168 1.811 

.025966 .817617 .856052 .832942 

.001710 .801323 .081611 .081616 

.845816 .062636 .044932 .868661 
0 8 0 I 

.a27666 .019140 .866663 .834457 

.046016 .862635 .044932 .068661 
-.817349 -.643495 .811631 -.816404 

1.627 3.272 ,794 1.690 

732.62 

: 

498.25 1,463.76 695.66 
.32 .96 2.57 

8 

180.80 98.46 
108.00 108.00 

8 0 

666.68 
1.40 

.1 

1,259.11 
3.46 

,118 

99.06 99.62 
108.00 100.08 

.38 

.I0 

.74 

.00 



lktrls Results: Baryllium 

Tat Y-l u-2 u-3 AwIg 
Data k/27/93 k/29/93 k/30/93 27,29,30 

Beryllium mass balances 

Boiler Furnace 
U&al in pulv. coal 
U&al in bottom ash 
U&al in bottoa ash 
Furnace matnl missions 

Total mtrl out 
Yetrl in - Ustrl out 
Wrl out/w.t.al in 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

.I66366 .063120 .106992 

.016943 .819060 .017296 

.805693 .087306 .606463 

.846693 .022562 .182679 

.069729 .846921 .126666 

.016639 .814194 -.825666 
.769 ,776 1.264 

.064160 

.017766 

.006561 

.057442 

.861769 

.082391 
,939 

ESP 
ESP inlet netal missions Ib/hr 
U&al in BP part. Ib/hr 
UP outlet &al emissions Ib/hr 

Total metal out Ib/hr 
U&al in - U&l out Ib/hr 
U.&al out/metal in 

Boiler and EP 
ktal in pulv. coal Ib/hr 
Lk.tal entering from SNRB aystsn Ib/hr 
Total metal out (except to SNRB) Ib/hr 
U&l exiting to SNRB system Ib/hr 

Total metal in 
Total metal out 
ktal in - U&l out 
U&al out/metal in 

SNRB ayrtem 
SNRB system inlet metal 
U&al in Ca(DH)2 
U&al in baghousa discharge 
SNRB system outlet emissions 

Total metal in 
Total metal out 
U&al in - Yetal out 
U&al out/metal in 

hission Factors 
Bailer uiuian* 
ESP mission8 
SNRB emissions 

Standard Rvirtionr 
Boiler mi*rions 
OP emission* 
SNRB missions 

96 percent confidema interwl 
Boiler emissions 
ESP emissions 
SNRB emissions 

Ramoval Efficiencies 
BP 
SNRB 

gtdard Daviations 

SNRB 

96 percent confidence interval 
BP 
SNRB 

Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

.046693 .022662 .102679 

.076320 .077246 .076399 
0 0 8 

.070326 .017246 .870399 
-.023435 -.054694 .024461 

1.600 3.425 ,762 

.I06366 .063128 .160992 

.0931s: .10361: .1021,: 

.001043 .000614 .002426 

.866366 .063128 .108992 

.894207 .104129 .104606 
-.806639 -.041009 - ,083614 -, 

1.866 1.658 1.836 

.801843 .800514 
8 
8 .08092: 
8 0 

.802426 
0 

.808927 
0 

.S02420 

.088927 

.001601 
,302 

.001843 .080614 
8 .008927 

.001843 -.808413 
0 1.603 

lb/l0112 Btu 29.43 
I b/lkll 6tu 
lb/lEr12 Btu : 

percent 100.00 
p*rcent 160.88 

14.16 

: 

180.00 
100.88 

64.57 
0 
8 

100.00 
100.66 

.057442 

.075324 
8 

.076324 
- .017663 

1.696 

.064168 
8 

.899662 

.001329 

.064160 

.100961 
- .016621 

1.251 

.881329 
8 

.008616 
0 

.801329 

.000616 

.080710 
,726 

36.05 
0 
8 

25.65 
.w 
.I0 

64.23 
.68 
.I8 

100.00 
100.80 

.I8 

.80 

.I8 

.I8 



udrls Re*ult*: Arsenic 
Test Date 

Arsenic mass balances 
Boiler Furnace ktal in pulv. coal Yatal in bottom aah ktal in bottom ash Furnace metal snirrions 

Total metal out U&al in - M&al out Metal out/metal in 
BP BP inlet metal nirrions Ydal in ESP part. 



M&ala Results: Lead 

Test 
Data 

Lard mass balances 

Boiler Furnace 
Yetal in pulr. coal 
Metal in bottom ash 
Natal in bottom ash 
Furnace matrl emissions 

Total metal out 
ktal in - Yatal out 
Metal out/aetal in 

Ib/hr 
Iblhr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 

EP 
EP inlet metal emissions lblhr 
U&al in BP part. Ib/hr 
DP outlet mstrl emissions Ib/hr 

Total metal out 
ktal in - Yatrl cut 
Metal out/a&al in 

Ib/hr 
Iblhr 

Boiler and DP 
U&l in pulv. coal Ib/hr 
MaI entering from SNRB syrtsn Iblhr 
Total matal out (except to SNRB) lb/hr 
MaI exiting to SNRB system Ib/hr 

Total metal in 
Total metal out 
Netal in - lbtal out 
Metal out/metal in 

SNRO rystn 
SNRO system inlet l strl 
U&al in Ca(ON)2 
Yetal in brghouse discharge 
SNRE systw outlet enisrionr 

Total natal in 
Total metal out 
U&al in - Matal out 
Metal out/metal in 

hiraion Factors 
BoiI*r missions 
BP riasions 
SNRB emissiona 

Standard Deviations 
Boiler emissions 
BP emiasionr 
SNRB emissiona 

96 percent confidence interval 
Boiler emissions 
ESP emissions 
SNRB emissions 

Removal Efficiencies 

KB 

Standard Cuvirtions 

& 

95 percent confidence interval 
DP 
SNRO 

Ib/hr 

1:;;: 

Iyk 
Ib/hr 
Ib/hr 

u-3 Avuarrga 
4127;: 4/2$: 4/30/93 27 I29,30 

.031200 .631200 .767440 .673200 

.023166 .020004 .021743 .021661 

.007249 .006141 .005116 .006180 
.274956 .163330 .201191 .236669 

.306359 .100066 .300050 .204400 

.326041 .451145 .449390 .480792 
,404 ,206 ,407 ,392 

.274966 .163830 

.304324 .302771 

.000000 .000249 

.304324 .303020 
-.009369 -.229190 

1.325 2.490 

.S31200 
__ __-__-_ 

.394720 

.006114 

.400043 
__-_--_- _ 
--------- 

.631234 .767440 .094337 

.412764 .427793 .413790 

.210400 .329544 .274062 
,664 ,606 .009 

.000114 
I 

.003035 
__-_----- 

.003609 

.00300~ 

.000034 

.008030 .00S420 
0 0 

.003321 .13321 
0 .000017 

.O#S114 .003S09 .006030 .006420 
_-__ ___ __ .003042 .003321 .003402 
_-__ ___ -_ -.000133 .003310 .001591 
_ ___-__ __ 1.030 .600 ,709 

lb/l#r12 Btu 172.67 9~.66 170.49 140.54 
lb/l0812 Otu .w .l# 0 .os 
lb/l@,12 Btu--------- .94 0 .47 

.031200 .767440 .073200 

.000034 0 .000017 

.409245 .421169 .400377 

.003509 .00S630 .006420 

psrcant 100.00 99.04 
parcant --_ _-- -_- 09.03 

.281191 

.394300 
I 

.23SUSS 

.3004SS 

.394300 .300640 
- 113109 -.143009 

1.402 1.739 

46.06 
.I% 

__-__-__- 

111.90 
.22 

100.00 99.95 
100.00 OS.34 

.I% 

.23 



Metals Results: Antimony 

Test M-l Y-2 Y-3 Awags 
Date 4127193 4/20/93 4/30/93 27,29,30 

Antimony mass bplancss 

Boiler Furnrca 
U.&al in pulv. coal 
Natal in bottom ash 
Metal in bottom ash 
Furnace metal emissions 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

Total metal out 
N&al in - Uetal out 
Metal outlretal in 

Iblhr 
Ib/hr 

I 0 0 
.001094 0 0 .00036: 
.000919 

.01160: 
0 .000386 

.009602 .010509 .010571 

.011616 .011602 .010509 .011242 
-.031610 -.011602 -.010609 -.011242 

ESP 
ESP inlet metal emissions 
Yatal in ESP part. 
BP outlet metal emissions 

Total natal out 
U&al in - U&al out 
Metal out/metal in 

Ib/hr 
Ib/hr 
Ib/hr 

lblhr 
Ib/hr 

Boiler and DP 
Metal in pulr. coal Ib/hr 
Metal antering Iron SNRB system Ib/hr 
Tot.1 metal out (rrcnpt ta SNRB) Ib/hr 
Metal exiting to SNR0 syatm Ib/hr 

Total metal in 
Total metal out 
Yotal in - Metal out 
kbtrl out/metal in 

SNRB syate. 
SNRE system inlet metal 
Metal in Cs(OH)2 
ktal in baghouse discharge 
3NR0 systaa outlet *missions 

Total &.a1 in 
Total metal out 
ktal in - Metal out 
ktrl out/natal in 

6 Ii-ion hctora 
Boiler emissioru 
BP ni*sionr 
SNRB emissiona 

Standard Oeristions 
BoiI*r amisriona 
ESP *missions 
SNR0 amissions 

95 percent confidence inter 
Boiler emissions 
BP emissions 
SNRB emissions 

Removal Efficiancias 
BP 
SNUB 

Ib/hr 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
lb/h? 
Ib/hr 

Ib/hr 
lb/h? 
Ib/hr 

.009602 .011602 .010509 .010571 

.014527 .016407 .017063 .016026 

.000130 .00EllS .000030 .000094 

.014666 .010602 .017094 .610120 
-.005062 -.005000 -.006604 -.005549 

1.627 1.431 1.627 1.520 

0 
_--- __-_- .00fl05: 

.016670 .110602 

.000214 .000266 

_-----__- .0000S390 0 .0000269s 
.016092 .016666 .a17342 .017033 

------___ -.016013 -.017342 -.017077 
--------- 312.91510 312.91510 

.000214 

.60040: 
-_-----_- 

Standard Owiations 

% 

95 percent confidence interval 

KE 

lb/l#t12 Stu 0.03 
lb/llr12 0tu 
lb/Mr12 0tu-------:P 

percent 90.66 
percent --_-----_ 

,000266 
,000673 
.000s02 
.I00064 

.000636 

.000636 

.#00202 
,760 

.000240 

.00047: 
0 

.000242 
o00s0s 

.000406 

.000027 

.000643 .#M027 

.000472 .000369 

.000371 .000191 
,660 ,669 

7.26 6.60 
.I7 .I2 

1.40 0 

6.W 
.w 
.74 

.63 

.a4 
-_-- --_-- 

1.66 
.(I% 

00.01 99.71 99.09 
70.63 . 100.00 09.02 

.S# 

0 0 

.01709: 
.000027 
.016791 

.WE248 .M0242 

1.44 



ktalr Results: Selenium 

Test U-l u-2 Y-3 Aversge 
Data 4/27/93 4/29/93 4/30/93 27,29,30 

Salmium wss brlrncaa 

Boilar Furnace 
Uetrl in pulr. coal 
ktrl in bottom ash 
Metal in bottom ash 
Furnacs wtal emissions 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

.370720 
8 

.10070: 

.370720 .252400 .336640 
0 0 a 
0 0 0 

.116447 .256327 .1000S4 

Total metal out 
Yetrl in - Metal out 
Yetal out/netal in 

Ib/hr 
Ib/hr 

.106707 .115447 .256327 .106064 

.109933 .263273 - ,003047 .149706 
,490 .306 1.016 ,606 

BP 
ESP inlet wk,al aaissionr 
Yetal in ESP part. 
ESP outlet metal emissions 

Total .&al out 
ktsl in - Yetal out 
U&al out/l&al in 

Bailer and ESP 
U&al in pulv. coal 
U&al entering from SNRB system 
Total m&l out (axc#pt to SNRB) 
Metal exiting to SNRB rystea 

Total gstrl in 
Total &al out 
Metal in - M&al out 
MaI out/metal in 

SNRB system 
SNRB rystsl inlet metal 
U&al in Ca(OH)2 
Uetal in baghouse discharge 
SNRE systsa outlet missions 

Total metal in 
Total metal out 
Matal in - Metal out 
MaI out/metal in 

bission Factors 
Boiler emissions 
BP emissions 
SNRB nissions 

Standard Deviation) 
Boiler emissions 
DP emission8 
SNRB aaissions 

95 percent confidence intwval 
Boiler amissions 
OP emissions 
SNRB eaissionr 

Rewwl Efficiencies 

EL 

Standard Dmvirtions 

% 

95 percent confidence interval 
ESP 
SNRB 

Ib/hr .160767 .116447 .266327 .130064 
Ib/hr .100490 .121057 ,141010 .123706 
Ib/hr .110660 .000030 .016602 .047791 

Ib/hr 
Ib/hr 

,227lSO .129000 ,157692 .171677 
- .030364 -.014441 ,090636 .016277 

1.203 1.12s ,615 .P#l 

Ib/hr 

IyL: 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 

I$: 
Ib/hr 
lb/h? 

Ib/hr 
Ib/hr 
Ib/hr 

.370720 

.227160 

.004190 

.370720 .262400 .330040 
a 0 0 

.129000 ,167692 .171577 

.002633 .I06061 .004294 

_-__ --_ __ .370720 .262400 .316600 
.231340 .132621 ,163743 .176071 

_ ___ ___-_ .246199 ,000737 .167460 
---- _---_ .360 ,649 .499 

.004190 
a 

.004367 

.002033 .006051 .004294 
0 a 0 

.004916 .005429 .I04903 
0 0 0 

.004190 

I b/10*12 Btu 110.49 72.40 100.06 117.20 
I b/10*12 Btu 74.40 6.64 9.97 30.00 
lb/l@*12 Oh--------- 0 a 0 

.002633 .006051 .604294 

.004916 .006429 .003440 
-.a02201 .000622 - .000663 

1.060 ,007 1.302 

parcant 37.15 92.36 93.00 74.43 
prrcent --- - _--__ 100.00 100.00 100.00 

44.22 
30.60 

--_-__-_- 

100.07 
96.06 

- --______ 

32.30 
---__-__- 

60.247060 



kh Yars Balances for Burger SNRB lasts 

Boiler Furnace 
3. Pulverirod fuel fired 
1 Ash in pulv. fuel 

Ash to furnace 
Furnace particulate emissions 
Comb. carbon in furnacr part. 

6: 

;: 
6. 
0. 

10. 
11. 
12. 
13. 
14. 
16. 
10. 
17. 
13. 
19. 

Ash in furnace part. 
kh in furnace part. 
Bottom ash, II ash 
Conb. carbon in bottom ash 
Ash in bottom ash 
Bottom ash, total material 
Eonomizer hopper ash, as ash 
Forb: carbon in hopperLash 
As" I" *con. napper am pWCe"C 
&on. hopper ash, total material I:;;; 
kh in - Ash out 
Aah out/ash in 

E5P 
20. 
21. 
22. 
23. 
24. 
26. 
20. 
27. 
20. 
29. 
30. 
31. 
32. 
33. 

BP inlet particulata 
Coab. carbon in furnrca part. 
Ash in furnace part. 
Ash in furnace part. 
EP outlet emissions 
Crab. carbon in OP cut. smis 
Ash in ESP outlet visions 
Ash in DP outlet emisions 
BP hopper particulate 
Conb. carbon in OP part. 
Ash in DP part. 
Ash in BP part. 
Ash in - Ash out 
kh out/ash in 

Tad 9-l O-2 o-3 Arerrgs 
Date 4/2'3/93 K/01/93 5102193 

Coal Feed System 
1. Coal feed 
2. Pyrite rejects 
3. Pulverizsd fuel fired 

Ib/hr 126240 120240 126240 Average for weak 
lb/hr 197 197 197 Average of tn weighings 
Ib/hr 126043 120043 120043 By difference (#l-(2) 

Ib/hr 
percent 
Ib/hr 
Ib/hr 
percent 
percent 
Ib/hr 
Ib/hr 
parcent 
percant 
Ib/hr 
Ib/hr 
percent 

L 

126043 126043 126043 
11.07 11.46 12.02 
14789 14444 16160 
9205 9695 13040 
5.61 7.00 0.60 

94.39 92.34 91.34 
0609 0060 12040 
4615 4188 1070 

.I0 .I4 .14 
99.90 99.90 99.00 

4520 4190 1079 
1605 1390 026 

.36 .24 .00 
99.e4 99.78 99.92 

1511 1399 026 
.1 ,011 .00 

1.00 1.00 1.00 

14700 
10002 
7.31 

10000 

43. SNRB system inlet emissions 
44. Comb. carbon in SNRB inlet part. 
46. kh in SNRE inlet part. 
40. Ash in SNRB inlmt part. 
47. Ca(DH)2 injection 
40. 502 reduction 

Ca(OH)Z required ta reduce 502 
Unrarcted Ca(OH)2 

49. 
50. 
61. 
52. 
53. 
64. 
55. 
se. 
57. 
50. 
59. 
60. 
01. 
62. 

Reactant prod&d 
Sum of reacted I unr. Ca(OH)2 
SNRO system outlet emissions 
Conb. carbon in 5NRg outlet pa, 
Ash in SNRB outlet part. 
Ash in SNRB outlet part. 
Baghouse discharge 
Comb. carbon in baghousm disch, 
krh in baghouse discharge 
Ash in brghoure discharge 
Ash in - Ash out 
Ash out/ash in 

Ib/hr 
percent 
percent 
lb/h? 
Ib/hr 
Ib/hr 
Ib/hr 
lblhr 
lbjhr 
Ib/hr 
Ib/hr 

't.psrcent 
percent 
Ib/hr 
Ib/hr 
porcmt 
parcent 
lb/h? 
Ib/hr 

Boiler and BP 
24. Ash ta furnace 
35. Bottom ash, as ash 
30. Economiser hopper ash, as ash 
37. Ash in SNRB inlet part. 
38. Ash in SNRB outlat part. 
39. Ash in BP part. 
40. Ash in BP outlet mirionr 
41. Ash in - kh out 
42. Ash out/ash in 

SNRB system 

Ib/hr 
percent 
percent 
Ib/hr 
Ib/hr 
prcmt 
percent 
Ib/hr 
ib/hr 
percent 
percent 
Ib/hr 
Ib/hr 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
lb/h? 

12530 10136 12133 
5.61 7.00 0.66 

04.39 92.34 91.34 
11035 9369 11002 
70.19 09.52 53.53 

5.01 7.M 8.66 
94.39 92.34 91.34 
71.92 02.60 40.09 
12402 10040 12079 
5.01 7.00 0.06 

94.39 92.34 91.34 
11703 9277 11033 

.#I .I0 .00 
1.00 1.00 1.00 

14,709.M 14,444.49 15,150.33 
4,516.40 4,100.42 1,070.41 
1,505.10 1.390.14 625.47 

197.16 201.39 205.71 
1.39 1.01 .72 

11,702.95 90276.67 11.033.39 
71.92 02.00 40.09 

-3,342.00 -099.70 1,201.M 
1.227 1.040 ,916 

197.41 
.13 

99.87 
197.15 

470 
148.34 
171.54 
304.40 
307.01 
072.00 

1.39 
.I3 

99.97 
1.39 
320 
.I3 

99.97 
020 

206.00 
2.17 

97.33 
201.39 

451 
140.70 
162.00 
200.20 
340.09 
037.09 

1.02 
.53 

99.47 
1.01 
797 
.63 

99.47 
792 
-.2 

1.000 

290.41 
1.02 

90.30 
285.71 

471 
160.12 
173.59 
297.41 
372.02 
009.43 

.72 

.49 
99.61 

.72 
911 
.49 

99.51 
900 

iii: 

3630 

1179 
.EE 

1.00 

11629 

.I0 
1.00 

-920.23 
1.004 

-.2 
1.000 

coamsnts 

By diffarsnce (#l-)2) 
Frw analysis 
#3r~4/100 
Emission* tests 
Adsum aa,e IS in CiP ash 
100-(7 
#s*#0/100 
Assume 761 of #S-l9 
Frm analysis 
100~#ll 
#www~) 
krwe 251 of (5-19 
From analysis 
100-#14 
Il4lw3lw 
IS-#O-(10+4 
W#WWl#~ 

Emissions tests 
Asswe saw IS in BP ash 
100~(71 
#20*#: ii/l00 
biuions ksts 
Assum sme as in BP rsh 
100~(25 
#24*126/100 
i20-i24’ 
From analvsis 
100-(29 
#20*(30/100 
#23-#27-131 
W’7+#31)1#23 

(5 
#10 

f :: 
056 
i3i .-- 
127 
(34*#3&(36-(30~#39-#40-#37 
(#35.#36.(39.#40.#37)/(#34.(30) 

bisrions tests 
Ratio from baghouse discharge 
1'00~(44 
#43*#45/100 
Awags for two days 
From 5RNB calculations 
From SRN0 calculations 
#47-#49 
;~p~~~.l/sa.n, 

. 
Emissions tests 
ksuma same as in baghouse discharge 
100-#54 
#53*(55/190 
(43.(47.(40-#53 
FM analysis 
100-#50 
#57*(59/110 
#l&(47.(40-#S&/56 
(~5e.#se)/(#4s.#47.#40) 



Particulate hisirons: Organic Runs 

Test 
D-da 

DP inlet (Location 10) 
1. Gas flow rate, dry 
2. Sample ga* volum. 
3. Particulate ma*s 
4. Particulrta loading 
5. Particulate emissions 

5P Outlet (Location 12) 
6. Car flow rate, dry 
7. Sample 9rs v0lu.e 
0. Particulate Ias* 
9. Particulate loading 

10. Particulate emissions 

SNRB Inlet (Location 2) 
11. Car flow rate, dry 
12. Sample volum. 91. 
13. Particulate mass 
14. Particulate loading 
16. Particulate eairsiona 

SNRB Baghouse Inlet (Location 6) 
16. Gas flow rate, dry 
17. SalpIe ga* volu1a 
10. Particulate II** 
19. Particulate loading 
20. Particulate eaisrionr 

SERB Outlet (Location 7) 
21. Gas flow rata, dry 
22. Sampla gas volume 
23. Particulate 111s 
24. Particulate loading 
25. Particulate emissions 

EY” g 
mg/dscf 
Ib/hr 

:Y" 
g 
,g/drcf 
Ib/hr 

377101.0 373026.0 376495.3 
104.7 106.2 101.1 
,150s .1077 .1063 

1.6119 1.7042 1.0514 
75.42 00.23 52.36 

:::Y" 
g 
sg/drcf 
Ib/hr 

7351.0 7045.4 7414.2 From emisrions calculations 
00.6 02.4 72.6 Frca emissions calculations 

16.3656 10.1923 21.6660 Fro0 weighings 
203.06 220.70 296.24 (13*1000/(12 
197.43 205.75 290.52 (14r#llr60/(1006r453.6) 

dscfl8in 
dscf 
g 
mg/dacf 
Ib/hr 

74.7 62.3 

dscflmin 9609.3 10070.0 
dscf 74.4 70.9 
9 .0717 .0530 
l g/dscf .9637 .6019 
Ib/hr 1.260 ,909 

112.6 

9649.3 
72.0 

.I330 
,404s 

,593 

Commmtr 

From emissions calculations 
Fro1 emissions calculations 
From weighings 
(3*1000/#2 
#4r#lr00/(1000r463.6) 

From risrions calculations 
Fro0 a&ions calculations 
From weighings 
(6*1000//l 
(gr(6*60/(1000r453.6) 

From emission8 calculations 
Frar e0isc.ions calculations 

Fro8 emissions calculations 
Fran enissiona calculations 
F~M weighings 
#23*1000/(22 
(24r(2lr60/(1000*453.6) 

Ash tiission Factors 
63. Coal firing rate 
64. Coal heating value 
66. Firing rate 

Ib/hr 
Eta/lb 
lEr6 Btuh 

126240 126240 126240 From Sheet 1 
12621 12621 12621 Froa Sheet 1, werag. 

1593.3 1593.3 1593.3 #63*(64 

9oiIar emissions 
66. kh emissions 
67. Ash a~irriona 

BP emissions 
60. Ash emissions 
69. Ash elisrions 

SNRg emissions 
70. Ash emissions 
71. Ash emissions 

Ib/hr 9204.9 9694.9 13347.7 
Ib/llr6 Btu 6.7774 6.0221 6.6913 

((l-(21.(11)t60~#14~(1~453.6~1000) 
WW 

Ib/hr 75.417 00.226 62.362 
Ib/llrO 9tu ,047s .0654 .0329 

Ib/hr 1.250 ,909 ,593 (25 
Ib/llt6 9tu .0366 .0266 .0177 (#701#65)*((11-#21*~11)/#11) 

Rewval Efficiencies 
72. DP 
73. SNRE 

percent 99.100607 W.000491 99.621060 
percent 99.366650 99.553206 99.796024 



SNRB System Performance 

Test o-1 o-2 .0-S Avera9e 
Date 4126193 5101193 6/02/93 

SNRB Inlet 
1. Car flow rate, dry dscf/min 
2. SO2 concentration PPI 
3. 502 flow dscf/min 
4. 502 flow Ib/hr 

5NRB Outlet 
6. Gas flow rate, dry dscflmin 
6. 502 concentration PPI 
7. 502 flow dscflain 
0. 502 flow Ib/hr 

SNRB Reactions 
9. 502 reduction Ib/hr 

10. Ca(OH)? required ta reduce 502 Ib/hr 
11. Ca(OH)? injected Ib/hr 
12. Unreacted Ca(OH)2 Ib/hr 
13. Reactant produced Ib/hr 

14. Ca(OH)2 reacted parcant 

7351 7045.4 7414.2 7270.2 Fran emissions calculations 
2299.4 2299.4 2299.4 2299.4 From SNRE data 

16.90 16.20 17.06 16.72 #1**2l1,000,000 
166.40 161.40 169.93 166.63 (3*60~0.0749t(64.1/26.9) 

9609.3 10070.1 9649.3 9045.567 Fro8 emissions calculations 
206.00 206.00 206.00 206.00 From SNRB data 
2.0207 2.0761 1.9676 2.0202 (5*#6/1,000,000 
20.14 20.69 19.01 20.22 ~7r60*0.0749*(64.1/20.9) 

140.34 140.70 150.12 146.41 #4-10 
171.54 162.00 173.59 169.31 

476 461 471 
#9*(74.10/64.00) 

466 Frca SNR0 data 
304.46 200.20 297.41 296.69 Ill-#lo 
270.12 263.95 261.45 274.60 #10*(120.1/74.10) 

36.04 36.10 36.06 36.33 (#la/(u)*100 

Comments 



APPENDIX F 

Q F 
VELOCITY SUMMARIES AND 

PROCESS DATA SHEETS 



e Flowrate Summare 
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Vslpzity Summaries 
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f Moisture Summaries 

--T 
svoc - 3 
Metals - 1 

l-May-93 5.41% 
I 27-Aor- I 7.86% 

Metals - 2 29-Air-93 10.76% 
Metals - 3 30-Apr-93 9.21% 
HCi/PART - 1 26Apr-93 7.83% 
HCWART - 2 l-May-93 8.77% 
HCIJPART - 3 2-May-93 8.84% 
PART (L5 only) - 1 2b-Apt-93 --- 
PART (L5 only) - 2 l-May-93 --- 
PART (L5 only) - 3 2-May-93 --- 
Formaldehyde - 1 2b-Aor- 7.20% 
Formaldch;de- 2 ) 2-May-93 1 --- 

L 

Location 5 Location 7 

--_ 3.22% 

Location 10 

@cm 
8.00% 
7.35% 
7.93% 
7.52% 
8.13% 
8.48% 
2.10% 
11.03% 
5.54% 

--_ 
--_ 
--_ 

8.00% 
8.00% 

Location 12 

(dscfd 
7.95% 
7.26% 
7.59% 
7.51% 
7.14% 
7.96% 
1.27% 
9.44% 
7.12% 

_-- 
__. 
___ 

4.19% 
1.78% 

Moistures for the HCl trains at location 10 arc biased low due to train backups 
Formaldehyde Moistures at locations 2.5. and 10 were calculated from other tests conducted on the same day. 
Heavy particulate biased moistures at these locations 

Page 1 



BOILER PROCESS DATA 
PROCESS DATA LOG NO. 11 



PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM 
(Take data every one-half hour) 

Date: I?->&- 53 * % 

Time Load, Excess Stack Steam temp., F Steam Steam Data Taker 
MW Oxygen, Opacity, Pres., Gener- 
/, y - percent percent 

w 
& 

SH 
ation 

* 
Outlet I!tlet 

Rate, 
k klb/hr te n 

' ciroo ISO 3.7 r2 7 /o 5/ /oc2- 1017 l/3!, % 
Ud3cI kg? 3.7 Is,63 Ed/! 

/]“lOG 15-O 3,L/ /3.Ly MJ 
i-730 lSI ?bY ,2,LIL &J 

A- l 
1 ll.*OOl IS b I 3, / ! 13.37 w 

t 
13 

12. Pb 
r-2 IO 

?. L) 

I 

I( ;3,9ft ‘I?/ I 

I4:?JcI 

t 

IL/ I YI) I 

11 I6 ;s 1 I5a ! 

II IC’ I 153. I 



PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM 
(Take data every one-half hour) 

Time Load, Excess 
Mw Oxygen, 

percent 

I:_~~ 3,L-i 
I52 3,& 
. ..-, /I 

,i’. Yj’ 

~ 

,,a-- 3, 
5 -~~ 3, 

/$3- / 7 / 
I-- ?,I 

I. -_~ , :,- 
/gz 2% ’ ,- __ ,J’ ,: 

4. 52 IIc/+-$.,~ I 1 .wm 

,‘, ,’ , A, ;I, , ‘-0 ,y. , ; 

- , .,.. ,, )g j;;:+(---[.: ? ‘;- 1 

II I/ I I 

Steam Data Taker 
Gener- 
ation 
Rate, 
lb/hr 

iii7 r>!?!I pl:, 

/l&,5 f I 

/y/y/!. -/ /g 2&.&j&2 
..,-~ .? - ,I .; I/ 

i/ 22, ‘/ 

‘/i 7 7 0 

.- , ,- 
” T (’ 

‘I 

/?,S.~ 1 

f 4: /’ 

‘/ 2 

s 

I/” 

#‘./ 7 72 (1 



PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM 
(Take data every one-half hour) 

Time Load, 
Mw 

mf 

I[! ,’ <’ -” j? 

is!il!E 
10‘ > -1 
I:50 IS 

&.ZO /cc2 
,.* _~’ ,,, . . ‘& d’ A;., ? 
,,’ ., 

/L ..- /:= r’ 

Pj’O3 /s,2 

/q;g /,c2 

IS’00 153 
15-30 IS3 

ILL? /I3 

lb30 I’, ) 

/7@-8 /A? 

-* 

IB 55 153 
p? G:.‘, 153 
1430 I53 
2a;'o I5;i 

LO~U Js?, 
2 / 6.8 IS3 
1 I 35 I5 ; 

2 ;i ~“-I Is3 

12 :.:I /<?I 

2. -3 ,:~ &., /JP- I 
133 /dd 

Excess 
Oxygen, 
percent 

3’ 
;,; 
384 
i. _ *, ,- 

-+ 
\. 

-%- 
~ !,\I 

5 -. .’ , %., 

3. 

3.17 
7*2? 

; :I’. 

2,97 
3, 

33g 
3, ‘L 

3 
.?I .3 

.Y , ( 
0. ,’ - 

J-02/ 

Stack Steam t 
Opacity, 
percent 

SH 
Outlet 

/::,,.7 !+& 

Date: LJ-27~9.3 ,j 



Time 

3 $ ‘:? 

- 

3/:00 

Load, 
Mw 

PROCESS DATA LOG NO. 1: POWER PLANT CONTROL 
(Take data every one-half hour) 

Excess Stack Steam temp., F Steam Steam 
Oxygen, Opacity, Pres., Gener- 
percent percent 

RH 
- psig ation 

2tlet Outlet 
Rate, 
lb/hr 

Data Taker 



PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM 
(Take data every one-half hour) 

Date: 9-22 -?3 



PROCESS DATA LOG NO. 1: ~POWER PLANT CONTROL ROOJ 
(Take data every one-half hour) 

Time Load, Excess 
Mw Oxygen, 

percent 

Date: r' a9 93 

,, ), ;‘ > ; ‘~ -~ 
/J3p $j 7.5 
13od 5~‘;’ 3,e 

SEE 

/qc,g /5 2.” 
3 c 7, II 

;- ; 7 

_ ~1 
-'< _.~: 

L 

A 

1 

z 
I 

7 

2 
,. 

. 
22 

/ , -t-.- -. ., 
,.3 ?,a io=ij : FT :~~&I0 i ;/Y 
,::: lb.1 103 -f /BdD /TyO //I-/ 
///,q IbJY f43 &223/c/ //,/, 
I- _I I > 3 : ; , 

,._~ - , 
r’ 

2 5 ^ : 
_, 

747/Q, 1. /‘2’-’ / L <, ~‘_( _ :-. - .- 

I’, 1 pi.‘- .‘.i- I I I 
-- .’ 

” i 

L.+md I/&cl 9-5i3 /q 7f /u 74 b 1 -, .!.Y I , ^., .’ 

!,23 { ,‘2 

~,&a /d34 
/Cd/ /9$7 /Et 
4s ,I 

<:/y/y .: _ . _ 

>;.,.<; //3 5 

.-+,7 , ‘2.7 ; ‘ T _ I 

r,Pf /jl L I/a<0 1 ,/I“, 1;,()(js 1 ,‘i ,:n : ! 
“, f I * j(),?o c ; ,q km3 //a,;1 ‘ .+I 3 /(j<,Q "';\{ Jo3L i"Y 

: ,Ij i i 3 /(!T( c‘zo f300; ;;;-< ; 7 ;,;, / 
/ /#J&l 7qr' ;+;,A~,-* ,/is 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

-+ ail a21 a31 
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a41 a51 
861 a71 881 

lop View of tbtJ 



PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM 
(Take data every one-half hour) 

Date: ', - ' ~' 
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JZSP PROCESS DATA 
lpROCFiSS DATA LOG NO. 3) 



te: Y/L6/0 3 

PROCESS DATA LOG NO. 3: ESP 
(Take data F times per test day) 

ESP TR Sets 

- 811 a21 a31 
a62 a72 882 

a41 a51 
861 a71 881 

lop View ot t>tJ 



PROCESS DATA LOG NO. 3: ESP 

Date: y/2~&/4; 
(Take data four times per test day) 

Time Field BUS 1 Primarv Side 1 Secondarv Side Data Taker 

( ( 1 Voltage, V 1 Cu;;ent, I Voltage, kV I ;;rrent, I 

‘36~ II-40 J-9/ I 
871 bj/a 

B-IL sty0 

II 

I I I 1 I I I 

I 

II 
$-” “.. 1 1 4-v I I L I 1 1 ,I,~, 

I 

II I 05, 1 1 3w ! 1 SL ! 1 
061 h/F+ q3 
$6~ 430 56 

II I 1971 I I IL/A I I Iv I Ii 

II J I&52/ I 1 366 1 II 
It 

, --- . 
I I I I I I I II 

II I I I I I I I 

ESP TR Sets 

862 a72 882 
---t all a21 831 841 851 

861 a71 881 
lop view ot thy 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: 
kb-;;y L 

rime 

II 3s 
T 

/ 

\ 

I 

bee dra 
I I 

Ing. 

LSP TR Sets 
I I I I 1 I I I 

811 821 a31 
862 872 882 

a41 851 
1 1 

861 a71 881 
lop View ot t>Y 



PROCESS DATA LOG NO. 3: ESP 

Date: q/L6/?< 
(Take data four times per test day) 

Time Field Bus Primary Side Secondary Side Data Taker ) 

Voltage, V Current, Voltage, kV Current, 
ii\ \Q amps ma 1 

II I Rll I I I I c\ / 72 I 142 

' bee *r$,,. ' bee *r$,,. 

I I I I I I I I I I 

1 1 I I 

ESP TR Sets 

862 a72 882 
- 811 a21 831 841 851 

861 a71 881 
lop view ot tbP 



tte: L/ i.6 ,/“2 

Time Field 

ci 2h143 

Ib;zX 9iI 

02-I 

0031 

3rtl 

051 

061 

06~ 

07 1~ 

07L 

091 

0Ll 

%I 

0’tl 

051 

061 

I 

bee drawing. 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

862 - 
all 

a21 
831 841 

851 1 872 1 882 

861 871 881 
lop View of tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

' bee drawing. 
4 

ESP TR Sets 

862 a72 882 
--F ali a21 831 84i 851 

861 871 881 
lop view of t>iJ 



Date: 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 
r 

862 a72 882 
--t all 821 831 841 a51 

861 871 881 
lop View of t>lJ 



PROCESS DATA LOG NO. 3: ESP 
e data four times per test day) 

ESP TR Sets 

4 811 1 821 1 831 1 841 ( 851 1-1 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: Y/l 7/Q 

Time 1 Field 1 Bus 1 Primary Side Secondary Side 1 Data Taker 1 I 1 I 1 
Voltage, V Current, Voltage, kV Current, 

amps ma I 

3 i ‘i. 0 911 + 33 1 ; i.,-.i IJ* c :’ ““r~r 
~~_~ 02-I 2 -: 5 J --.j ,’ - 0 ‘5 _ ,, y ~: -~ ?_” ’ 

I rn I 

+ bee arawing. 

ESP TR Sets 

862 872 882 
- 811 821 831 a41 851 

861 871 881 
lop view of tW 
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I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

d \8r, Primary Side Secondary Side 

iArE Voltage, V Current, amps ) Voltage, kV ) Current, ma 
, 

J 

ESP TR Sets 

862 872 882 
- 811 821 831 841 a51 

861 a71 881 
10~ View ot tW 

Data to be collected by process sampling staff three times per test day (start, middle, end of sampling 
run). 

Figure 4-57. Process Data Log No. 3: ESP 

4-86 



ESP TR Sets 

862 872 882 
- 811 821 831 541 851 

861 871 881 
100 View ot tW 

Data to be collected by process sampling staff three times per test day (start, middle, end of sampling 
run). 

Figure 4-57. Process Data Log No. 3: ESP 

4-86 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
,- IOD view ot thy 

Data to be collected by process sampling staff three times per test day (stxt, middle, end of sampling 
run). 

Figure 4-57. Process Data Log No. 3: ESP 

4-86 



r bee drawing. 

ESP TR Sets 
862 --- ’ --- l 

- 811 821 831 841 851 
861 _. _ , ___ 

lop view of t5v 
.zt-E---- 

Data to be collected by process sampling staff three times per test day (start. middle, end of sampling 
run). 

Figure 4-57. Process Data Log No. 3: ESP 

4-86 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: q/r-- l7/93 

‘ bee drawing. 

ESP TR Sets 

862 a72 882 
---) a11 821 831 841 851 

861 871 881 
lop View of tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Time Field Bus Primary Side Secondary Side Data Taker 

Voltage, V Current, Voltage, kV Current, I/ 

1 

' ~bee drawing. 

II I I I II 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop view ot tbP 



Date: 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP JR Sets 

862 872 882 
--F ail a21 831 841 851 

861 871 881 
lop view ot tW 



ESP TR Sets 
I , I I 1 I I 1 1 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

all 821 831 
862 872 882 

841 851 
1 1 

861 871 881 
lop View of t>tJ 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

' See *raw[ng. 

I I I I I 

I I 

ESP TR Sets 

862 872 882 
--j all a21 831 841 851 

861 871 881 
lop View of t9 



Time 

PROCESS DATA LOG NO. 3: ESP 

'-'!/17/q] 
(Take data four times per test day) 

Date: 

I 

bee drab Ing. 

ESP TR Sets 

862 - 811 821 831 841 851 1 872 1 882 

861 871 aal 
lop View of t>P 



PROCESS DATA LOG NO. 3: ESP 

Ifi30 811 1 Lb L/f / LO?: p; /by*- 
‘1 

- 
021 319 2 q&3 LY, f 

Secondary Side Data Taker 
I ~~~-- .-..-. 

5-B 
TL I I I 

II 

I I I I I 

I I I I 

ESP TR Sets 

862 872 882 
--) ail 821 831 841 851 

861 871 881 
lop view of tbP 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: v/2-7/?< 
, 

ESP TR Sets 

862 872 882 
- all a21 831 841 851 

861 871 881 
lop View of tW 



Date: 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

862 872 882 
- ail 821 831 841 851 

861 871 881 
lop view ot tbV 



te: 

rime 

bee arat 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

862 872 882 
- all 821 a31 841 a51 

861 871 881 
lop View ot tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: 

ESP TR Sets 

862 872 882 
- all 821 831 841 851 

861 871 881 
lop view ot tbfJ 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: AL\ j <‘i : +, 7 

ESP TR Sets 

862 872 882 
- 811 821 831 a41 851 

861 871 881 
lop View of tbP 



Da 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

\PP "l".wAl"". __- -* -.....=. 

ESP TR Sets 

862 872 882 
- 811 821 831 a41 851 861 871 881 

lop view of tbY 



pate: JJ 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

I 86r 

4 tlBL 

' bee drawing. 

290 52. 

360 60 h-J 

ESP TR Sets 

----f ail a21 a31 
862 a72 a82 

a41 851 
861 871 881 

lop View ot tbP 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: L) 23 191 

Time Field Bus Primary Side Secondary Side Data Taker 

ESP TR Sets 

862 872 882 
--F 811 a21 a31 841 a51 861 871 881 

lop view ot tY 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: k.' zi I?> 22 
f 

Time Field Bus Primary Side Secondary Side Data Taker 

Voltage, V Current, Voltage, kV Current, 
amps ma 

v/La, ii i- ,,'ih I I. L ,,I ;-‘,’ J_ :T-.,:~ i, : 

II I 

BJ-I 3 Ji ‘,/L 3: ” -’ i -: r i I -. I , :. 1, 
$3) 0 - ! t 'J 3r 

Qrll 3%2 57, 

IIOA I I w4 I I I 

)3/A (-1% 
3%‘0 Lo 

d/A 3 . 
I 1-ILIfl I I l-P I I I I “IL- I I” \y 

891 279 4; 

4 09L 37-O 5Y v 

I I 
I I I I I 

Ic bee *raw!",. 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop view ot tW 



PROCESS DATA LOG NO. 3: ESP 

Date: crjz9 I ?3 
(Take data four times per test day) 

1 Field 1 Bus 1Lry Side Secondary Side Data Taker 

bee at-awing. 

ESP TR Sets 

862 a72 882 
- 811 821 831 841 851 

861 871 881 
lop view ot tMJ 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: I,\ i ,- q > _) 

Time Field Bus Primary Side Secondary Side Data Taker 

Voltage, V Current, Voltage, kV Current, 
amps ma 

/8>9 /8>9 911 911 Y-Z? Y-Z? cl cl ‘, - ‘, - ?, ?, 

02-l 02-l 
..> , ..> , I I ‘-..., ‘-..., 

\, \, ou31 ou31 ii, ii, q-6. q-6. 
! ! 8’tl 8’tl 360 360 3-L 3-L 

1 051 I ?;(I 4y 
061 r-/ I? 50 

! , 06~ 175 fz, 
j 87 I. bJL IL 
/ B-IL Qy(, 56 -, 

07L I, 

8Br 8Br k,qo k,qo sa sa 
1, 1, / / 

k k %BL %BL .5 LO .5 LO 5x 5x 
Y Y 

891 iy 18 

98~ 360 

" 
720 -315 ,&-I 

ESP TR Sets 
7 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop view ot t9 



PROCESS DATA LOG NO. 3: ESP 

Date: q \ zy ~ ? :,, 
(Take data four times per test day) 

1 Field 1 Bus IPrimary Sid: Secondary Side Data Taker 

bee drawing. 

ESP TR Sets 

862 872 882 
y 811 821 831 841 851 

861 871 881 
lop view ot t>tJ 
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PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Bus Primary Side Secondary Side Data Taker 

ESP TR Sets 

862 a72 882 
- 811 821 831 841 851 

861 871 881 
lop view ot tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: 

ESP TR Sets 

862 a72 882 
- 811 821 831 841 851 

861 871 881 
lop View *t t9 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: u,/dO /q 2 
I 

[ [ Voltage, V Current, I Voltage, kV 

Time 1 Field 1 Bus 1 Primary Sid; I Secondary Side 1 Data Taker 

/ 
061 I 

\: * 1,. 

06~ 1 4 00 

! 871 p c 

07L +iQ 
I 

891 LclQ 

li Q8t 36~3 
1; 

) 

j 

I I 051 2-70 

561 I PP- 

I 06~ Ltoll 

$7 1 pJ&. 

07L 4-10 
I 8Br LYO 

G %0L 3d2 

I I I 

I 
F I I 4 

bee drawing. 

ESP TR Sets 

-J---T- 
I 

862 872 082 
- 811 821 831 841 851 

861 871 881 
lop View ot tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 I371 881 
lop View ot tbtJ 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: /U-/i /) :? : 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop View at tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Time Field Bus Primary Side Secondary Side Data Taker 

Voltage, V Current, Voltage, kV Current, 
amps ma 

J 7 ,, Rll : --. - ,/ id9 -^ 

II .‘,~ i 

- ., I 
BJ-I ! 

>,, ’ iJ ’ ‘y, ’ ;;; ’ jam 
&;’ /s ~) II 

II I I rrhi 1 L!) , I I I II 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop view of thP 



bee drawing. 

PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

- 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop View of tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop View ot tW 



Date: i 

Time 

bee drab 

PROCESS DATA LOG NO. 3: ESP 

I I I 
Ing. 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop View ot t3P 



PROCESS DATA LOG NO. 3: ESP 
r-/, I* (Take data four times per test day) 

Date: >I/ 173 - 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop View ot tbr 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: t; {; ; 2: 

Time 1 Field 1 Bus 1 Primarv Side 1 Secondary Side Data Taker 

Voltage, V Current, Voltage, kV Current, 
amps ma 

. ,,^_ 
17on 911 19 

“QUELL ‘J cr- “VI 
- - L ,-- , _I 1 id? lil 3c i.l-‘o/ p-s2 4l-fL1 5k~C\ K^, 

BLI 33 0 6 Y rlsy I 

\ 331 13s Ir,’ 

$+I ‘io3 Sb I 
II \ IRCI I I 32n I I CT-- l I I \ v-a - -” -- 

I 061 Gqb ‘;-3 

$6~ L\ \o B 
1 071 NIP 5b 

I B-IL (--ICI0 6b I 
831 3LQ Y7-q 

I 88L 393 sa \ 

ESP TR Sets 

862 872 882 
- 811 821 831 841 851 

861 871 881 
lop Yiew of tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data four times per test day) 

Date: 5/l 193 

Time 1 Field 1 Bus 1 Primarv Side Secondarv Side Data Taker . ._.- --_ __~ _-. ----..--., _.__ 

Voltage, V hrrent, Voltage, kV Current, 
amps ma 

ESP TR Sets 

--f all a21 a31 
a62 a72 882 

a41 a51 
861 a71 aal 

lop View ot tbP 



PROCESS DATA LOG NO. 3: ESP 
Take data four times per test day) 

ESP TR Sets 

a21 a31 a4i 
862 a72 882 

a51 
861 a71 881 

lop view ot tW 



PROCESS DATA LOG NO. 3: ESP 
(Take data foL:, times per test day) 

ESP TR Sets 
I I I I I I I I 1 

ali a21 a31 
862 

a41 a51 
1 a72 1 882 

861 a71 aal 
lop View of tb? 



PROCESS DATA LOG NO. 3: ESP 
e data four times per test day) 

ESP TR Sets 

862 a72 882 
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APPENDIX G 

OAPP DEVIATIONS 



EER CORPORATION MEMO 

TO: Karen Riggs 

DATE: April 25, 1993 

FROM: .lerry Lewis 

SURJECT: Deviations from SNRB QAPP 

CC: Distribution to all team members 

ITEM 1: A revised Figure 4-60 is enclosed. This mom accurately represents the process 
sampling that will take place on a daily hasis. 

ITEM 2: The thief sampler used for sample collection at Location I I will he electrically 
grounded when sampling. 

ITEM 3: Testing will he discontinued if Boiler #S load fluctuates greater than +5 MW. 

Fluctuations of more than +.i MW will represent unsteady operation. if one of five 
mills fails, the test will he suspended. Plant personnel will assess the time required 
to restore the mill to service. If the mill can he restored in a short period of time, 
the test will he continued once the mill has been returned to service and the system 

has stahilized. Lf the mill cannot he quickly restored, the test will he continued with 
4 mills in operation once the system has stahilized. 

ITEM 4: Sample Location 12 has 6 ports instead of the previously shown 10 ports. A 
revised Figure 414 is enclosed. 

ITEM s: Two of the 5 ports at Location 10 (west duct) are inaccessible. The sample matrix 
will he modified to accommodate the changes in ports. An 8 x 3 matrix will he 
conducted on the 3 ports on the west duet and a 6 x 4 matrix will be conducted on 
the east duct. A revised Figure 112 is enclosed. 

ITEM 6: A revised Finurr 4.55. Day . c _ 2 Sampling Schedule is enclosed. 



ITEM 7: Formaldehyde wipe test will hc pcrformcd in the rccovcry trailer to dctccr 
hackground contamination. 

TEM s: Location ten (10) orginally indicated a centroid sample matrix of 33 total points to 
he sampled. Due to the matrix modilications decmcd necessary as indicated in 
ITEM 5, each duct will be sampled at 21 points, making a total of’48 total sample 

points instead of the proposed 33 points. Increasing the proposed sample time to 2 
hours instead of 1.37 hours. 

ITEN 9 A coal sample in a single conLaincr will be pro\?ded for ultimate, proximate. and 

higher heating value rather than the three (3) separate containers as indicated in 

Figure 4-50 of the QAPP. A revised figure will not be enclosed hut will be ’ 
provided in the final repott 

ITEM lo: An ash sample in a single container will he provided for loss on ignition and 
unburned carbon rather than the two (2) separate containers as indicated in Figures 
G-52. J-53. and 4-.%I of the QAPP. Revised figures will not he enclosed but a:ill 
be provided in the final report. 

ITEM 11: Due to the high concentrations of SO2 present in all flue gas locations, and in an 
effort to prevent damage IO EER’s samplin g equipment. An extra impinger 
containing H202 located prior to the silica gel impinger will he used to knock WI 

excessive SO2 levels in all sampling trains except for the metals. Approvals have 
been obtained from each methods primary contact at EPA’s EMB. 
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Figure 4-14. Sampling Location 12 - ESP Outlet. 
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Figure 4-12. Sampling Location 10 - ESP Inlet. 
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Fiyre 4-55. Day 2 sampling schedule 



MEMORANDUM 

Date: April 30, 1993 

To: B&W SNRB Air Toxics Monitoring Project Staff 

From: Karen Rig & 

Subject: QAPP Deviation - Page 3-3 

The target total sample time and total sample volume for the Method 18 (Tedlar Bag) in Table 3-2 on 
Page 3-3 of the QAPP has been changed. The revised target values are 30 min for the total sample 
time and 15 L for the total sample volume. 

Distribution: 

G. Sverdrup 
G. England (EER) 
J. Lewis (EER) 
K. Riggs J 
M. Schrock 
B. Baytos 
J. Chuang 
M. Holdren 
G. Meyer 
D. Oyler 
D. Smith 
D. Smith 
R. Barrett 
J. Cauczwa (B&W) 



MEMORANDUM 

Date: ..,pril 30, 1993 

To: B&W SNRB Air Toxics Monitoring Project Staff 

From: Karen Riggs 

Subject: QAPP Deviation - Page 5-9 (Table S-1) 

The storage temperature requirement of 4°C for solid process samples collected for trace element, 
radionuclide, chloride/fluoride, unburned carbon, heating value, ultimate/proximate, and loss on 
ignition analyses has been eliminated. These samples can be stored at 4’C if desired, or at ambient 
temperature. 

Distribution: 

G. Sverdrup 
G. England (EL?.) 
J. Lewis (EER) 
K. Riggs 
M. Schrock 
B. Baytos 
J. Chuang 
M. Holdren 
G. Meyer 
D. Oyler 
D. Smith 
D. Smith 
R. Barrett 
J. Czuczwa (B&W) 



MEMORANDUM 

Date: May 3, 1993 

To: B&W SNRB Air Toxics Monitoring Project Staff 

From: Karen Riggs 

Subject: QAPP Deviation - Page 2-12 

The first sentence in Section 2.3.2 Laboratory Sample Custodian is replaced with the following “The 
Laboratory Sample Custodian, Mr. David Oyler or a designated alternate, will assume responsibility 
for sample custody upon receipt of samples at Battelle.” 

Distribution: 

G. Sverdrup 
G. England (EER) 
K. Riggs 
M. Schrock 
B. Baytos 
J. Chuang 
M. Hoidren 
G. Meyer 
D. Oyler 
Deb Smith 
J. Tabor 
R. Barrett 
J. Czuczwa.(B&W) 



MEMORANDUM 

Date: May 27, 1993 

To: B&W SNRB Air Toxics Monitoring Project Staff 

From: Karen Riggs 

Subject: QAPP Deviation - Page 4-74 

The following sentence should be added to Section 4.33 Solid Process Samoling: “All process 
samples will be composited after completion of field sampling by Commercial Testing & Engineering 
Co.” 

Distribution: 

G. Sverdrup 

J. Chuang 
M. Holdren 
G. Meyer 
D. Oyler 
Deb Smith 
J. Tabor 
R. Barrett 
J. Czuczwa (B&W) 



Date: June 14, 1993 

To: 

Subject: 

B&W SNRB Air Toxics Monitoring Project Staff 

QAPP Deviation - Page 5-9 

Due to the transfer of cornpositing from the field to Commezcial Testing & Engineering, 
Co., the holding times for various analyses have been changed as follows: 

Trace Elements - 12 weeks 
Higher Heating Value - 12 weeks 
Proximate/Ultimate Analysis - 12 weeks 
Q,F - 12 weeks 
Radionuclides - 16 weeks 
Unburned Carbon - 12 weeks 
Lass on Ignition - 12 weeks. 

The malytes sffected by this change in holding times are stable and data quality will not be 
impacted as a result of this change. 

Distribution: 

G. Sverdrup 
G. England (EJZR) 
K. Riggs 
M. S&rock 
J. Chuang 
M. Ho&en 
G. Meyer 
D. Oyler 
Deb Smith 
J. Tabor 
R. Barr& 
J. Czuczwa (B&W) 



Date: 

From: 

To: 

Subject: 

MEMORANDUM 

June 18, 1993 

Karen Rigg ?@ 

B&W SNRB Air Toxics Monitotig Project Staff 

QAPP Deviation - Page 7-3 

The 4th impinger rinse, permaganate impinger catch, and 8N HCl rinse of the pxmaga~te 
impingers (labelled as 4A, 4B, and 4C on HER chain-of-custody sheets) should be combined 
for analysis of Hg rather than conducting wparate Hg analyses of these sample components. 

Distibution: 

G. Sverdrup 
G. England (EER) 
K. Riggs 
M. Schrock 
s. Liio 
J. Chuang 
M. Holdren 
G. Meyer 
D. Oyler 
Deb Smith 
J. Tabor 
R. Barren 
J. Czuczwa (B&W) 
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REPORT ON OFFICIAL TRAVEL 

To: K. Riggs Date: July 11, 1993 
By: W.C. Baytos Project Number: G 2602-4300 
Left Columbus: Apri 1 26, 1993 Returned: April 29, 1993 

Trip to: Ohio Edison Company's R.E. Burger Electric Generating Plant 
Shadyside, Ohio 

Purpose of Trip: To conduct en On-site Audit of the Field Sampling Activities 
being Performed by Energy and Environmental Research Corporation (EER). 

Persons Interviewed: 
Mr. Jerry Lewis, Field Manager for EBR end his field sampling crew 

Reference Document: 
Quality Assurance Project Plan on SNRB Air Toxic Monitoring to 
Babcock & Wilcox Company, Dated April 20, 1993 
Prepared by Battelle, Columbus, Ohio 

Essential details of trip and summary of results obtained. 

Essentially, the sampling tasks done by the BKR field team for the 
simultaneous collection of flue gas samples from the five locations, were 
performed according to the Test Protocola described in the Quality Assurance 
Project Plan. No major problems were encountered. 

king the three-days of being on-site, the following activities were 
observed: 

* Sampling train set-up and collections at each of the five locations (see 
page 4.7, Figure 4.2 of the QA Project Plan), with interviews with each 
location crew leader. 

* Sample recovery repreaentatlve of a (1) USEPA Method 23 Semi-Volatile 
Organic Compounds (2) IJSEPA Method 29, Multiple-Metals eampling train (3) 
USEPA Method 0011, Formaldehyde (3) USEPA Method 16. Gaseous Organic 
compounds. 

* Soiler plant operations 

* SNP.9 operations 

Details: 

All of the five sampling locations were manned by a crew leader plus a 
helper end each location was equipped with 2-way EM radios for communications 
mu-poses. While observing each of the locations, a review of the field data 
sheets was made at several locations to assure that the data was being 
recorded at the time specified. We observed that the probes were marked and 
the ducts were being traversed according to the protocol. Each crew leader 
was knowledgeable of his job function and each indicated previous and 
extensive field experience. 



Sample recovery was done in room8 designated specifically for this 
purpose and pedestrian traffic was restricted to aample recovery personnel. 
Care and caution to prevent external contamination of samples was evident by 
the diligence applied by each sample recovery person. It appeared that each 
sample recovery person was well-aware of potential contamination problems and 
each one exhibited extensive prior experience in aample recovery. 

We observed that the sample recovery procedurea were followed according 
to the protocol as specified in the QA Project Plan. Clean, “I-Chem” brand, 
glass bottlea were used for all aample containera. Each sample bottle wae 
labeled properly and a “Chain-of-Custody” form waa initiated at thia point in 
time. 

During the second day, a problem in collection the gaseous organic 
sample by Tedlar bag method wae encountered. This was due to the high 
negative pressure in the duct. Resolution of the problem was not made during 
the audit. 

A walk-through the R.E. Burger plant-s control room wae made at 
intervals while the flue gas sampling was occurring to assure that the plant 
wae performing at the nominal expected valuea. Theae valuea were compared to 
those found on page 4-5, Table 4-1, Unit 8 Operating Conditions and Permitted 
Deviations, in the QA Project Plan. We had observed that the EBR Field 
Manager wes in constant communication with the control r.:!om operators and hie 
five sample location crew leaders. Thus, the flue gae sampling was conducted 
only while the boiler waaa in the optimal operating conditions. 

There was a problem with exceea moieture in the coal a8 it wae being fed 
to the pulverisers. The excess moieture caused the feed line8 to plug, 
resulting in en interruption of boiler operations. Flue gas sampling wae 
stopped until the coal feeder problem was corrected and the boiler was back 
on line. 

The Babcock & Wilcox SNRB control room ia located next to the atack. 
The SNRB control room monitors the operationa of the SNRB unit. A walk 
through the control room waa made during the flue gas sample collection 
periods to aaeure that the unit wae performing within the specified ranges aa 
listed in Table 4-l in the QA Project Plan. The BER field manager wa8 in 
constant radio communication with the SNRS control room operators. Thie 
information was then communicated to the BER sample location crew leaders. 
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TABLE 4-l. UNlT 8 OPEIUTING CONDlTIONS AND 
PERMI?TIl) DEVIATION 

Parameter 
Nominal 

Expected Value 
Allowable 
Range”) 

$oil r -3 
Coal 
Load, h4W 
Oxygen monitor readings, percent 
Steam temperature at superheater outlet, F 
Steam temperature at reheater outlet, F 
Steam pressure, psig 
Steam generation rate, lblhr 

Constant source, if possible 
150 or 156 135-158 
3.0-5.0 2.9-5.3 
1050 looo-1060 
1000 950-1010 
2050 2000-2075 
l.loo,ooo 0.95-1.2x106 

Emissions 
Stack opacity, percent 5-10 15@) 
Stack Sq (measured at SNRB inlet), ppm 21002500 Actual 
Stack NO, (measured at SNREI inlet), ppm 400-500 350-550 

SNRB orqrgtine conditions 
Modules on lime 
Tom bags 
Inlet St& wncentration, ppm. 
Inlet NO, concentration, ppm 
Sorbent feed rate, lblhr 
Ammonia injection rate, Iblhr 
Ammonia atom.-air injection rate, lblhr 
Baghouse pressure drop, in. water 

5 5 
None None 

1950-2550 Actual 
350-500 Actual 

450-500 ww 
7.0-8.0 (ssrw) 
200-225 (B&w) 
IO-14 (B&w) 

. . SNRB Em 
Outlet SQ wncentration, ppm 
Outlet NO, concentration, ppm 
Outlet duct opacity, percent 

350-1400 Actual 
30-250 Actual 
< 10 < 15 

(a) Where B&W is indicated, actual values are acceptable unless Babwck & Wilcox stops 
the test upon indication of improper SNRB system performance. 

(b) Instantaneous opacity reading may exceed this value temporarily during sootblowing. 
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